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To THE: 


Ricnz HoNnNoURABLE 


10:44: 
Farl of ORR ERY. 


'My LORD, 
Bac Leave to make Your Logb- 
[| SHIP the humble Offering of 
© thoſe Lycrurzs you have here« 
tofore been pleaſed to approve and 
honour with your Preſence, Your 
Aden will not diſdain to caſt an 
aA Eye 


| 


0 


DEDICATION, 
Fye on this Endeavour to difplay 
ſome of that wondrous Worth and 


matchleſs $ agacity "which has fo 


much ennobled Human Nature, and 
dignified it with almoſt Divinity it- 
ſelf. I doubt not but ſome Sparks 
of that Celeftial Fire, which in- 
form'd the Soul f ETON, 
will ſtrike upon and mingle with 
the like congeneal Flame that glows 
in Your LoxDsa1e's Breaſt. 7 


Taz Doctrine of Sounvs preſents 
us with the Phzloſophic Grounds of 
Music and Harmony : The Colours 
of Light, in regard to Quantity, ob- 
ſerve the Harmonic Law; not a 
ſingle Ray can be reflected, but by 
the ſame Divine Rule; And there 
is ſomething extremely like Mufic 
in the Motions and Order of the 
Spheres. Conſonant, therefore, it is 


wth the * n that 2 


bo 


WW 


e 
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DE BICAT TON. 


Harmonious Subjets ſhould” be re- 
commended to the World under the 
Avsrice of One fo well known by 
tuneful Accents, _ Skill” to 8 
the Lyre. | 


| Again, My Lob, Does Philo- 
ſophy breathe Religion and Devotion, 
and furniſi us with the beſt Wea- 
pons againſt Vice and Immotality 4 
Then let it be ſunction'd by the di- 
ſtinguiſh'd' Name of that BovLe,” 


ho in the early Years of Life ſet 


ſuch an illuſtriotis Example of Mag- 
nanimity and Chriftian Hepoiſm, in 
the following Neſolurion, as truly 
pioui, as the N umbers * oericus 
in which it flows. 


Iarure in Years, if cer J. 432 to treat” 
Where Viex triumphant rears aft her Head,” 
Ev'n there the Paths of Vir TU I'll purſue. 
And the Glory of making it good @ 
1s Soy Day You: Lokpsnir's Due. 
a 3 But 


DEDICATION. 


But I dare not longer inſiſt on 
Themes of Praiſe, (though ever ſo 
pleaſing) to a Mind poſſeſs d and 
enrich'd with every Virtue, as well 
as native Innocence. 


_ Evexy thing, My Loxp, may be 
over · valued, and become the Sub- 
je of Flattery, except Goodnęſe and 
Wiſdom. The Encomiums of the 
Great, the Wiſe, and the Good, admit 
of no Hyperbole; theſe ſhining To- 
ics ought. to plead. Excuſe for pro- 
lix Admiration wherever we behold 
them, eſpecially in an Age ſo little 
productive of ſuch Phenomena. So 
Couz rs, when they appear, ſet all 
Mankind a gazing ; and ſuch unu- 
ſual Splendor detains our Eyes all 
the Time gf their Appearance. 


Tix; 2 8 Wen this Trea- 
, ſe being to. est the Way to 
1011 =: real 


DEDICATION. 


real Science, will, I hope, render 
it ſo much the more acceptable to 
Your Loxpshir, in regard of My 
Young Lord BovLs, who bids fo 
fair to deſerve and continue the Pa- 
ternal Honours and Title of a Fa- 
mily that will always be had in Re- 
nown, while the Records of Englifþ 
Nobility, and the Annals of Heaven 
ſhall laſt. I am, 


My Lonn, 
With Respect and Duty, 


Your LorDsnre's 


| Moſt Obedient Servant, 


B. MARTIN. 


ERRAT A in Vol. I, 


Page. Line.” © 
1901 25. . read che | | 
104 18,” fir 40=1, read 40 * 1. 
206 36, read Pl. XV. Fig. 15, in the Margin. 
240 30, after through, read £0 abovemention q Space. 
304 20, for Weight, read Height. 
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E R RATA i Vol. II. 
Page. Ling,” 
23 30, * plate XXIX: n 8 
27. 32, 7 XXIX. Fig. 7. in the Margin. 
35 20, 49 I2, ofa to 


61 3 a read 
82 awrite Plate XXXIII. Fig. 2. in the Margin, 
392 1 2 Lib Liberklumy, read Liberkhun. 
448 1 Sum(on, read Si plon: 
* * 
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Factitious Alx; the great Quantity thereof in 
Natural Bodies; virions Experiments relating 
thereto. Of the Weight of the Alx; of the 
Nature of the BatomETER for eſtimating the 
ſame ; an Account of the ſeveral Kinds, viz. the 
Perpendicular, Diagonal, Forizontal, Pendent, 
Wheel, and Water BaromeTERS: The beſt 
Way of making the Common Barometer. The 
Nature and Uſe of the Nok1vs; applied thereto, 
explain d. The Uſe of the Barometer in meaſur- 
ing the Heights of Mountains, &c. The 
SPRING Of ELASTICITY of the Air accounted 
for, and explain'd. The Nature of the Sx a- 
Ga etplain'd, The AiTitupe of the Ar- 
MoSerere determined. The Art of Samm⁰ 
in the Arg proved impoſſible. The ABSOLUTE 
Wrichr of the Air determin'd by Experiment. 
Is variable Preflure on Human Bopies; the 
Quantity thereof computed. An Account of fifty 
Experiments of thi Alx-Puur relating to the 
Weight, Spring, and other Properties of the 
Air. A particular Deſcription of the Air- 
Pump; an Artr-Pume of @ new Invention. 
We Divino-Beit explain'd. The Nature and 
Uſe of THEXMOMETERS explain'd. The New. 
Yor. II. "ol toniati 


PNEUMATICS. 


tonian STANDARD THERMOMETER, Faren- 
heit's new Mercurial Thermometer explain d. 
HyGROMETERS of ſeveral Sorts explain d. The 
Common Air-Gun explain d. The MaGaAZINE 
Alnx- Gun particularly deſcribed. | 


HAT Part of Natural Philoſophy 
which treats of the Nature, Properties, 
and Effetts of the ATMOSPHERE, or 

Body of Air encompaſſing the Earth, is 
call d PNEUMATICS, from the Greek 
Word for Wind or Breath. 

Tre Air is generally eſteemed a Fluid, but 
yet differs from the general Nature of Fluids in 
three Particulars, viz. (I.) In that it is compreſſ- 
ble, which Property no other Fluid has. (2.) It 
cannot be congeal'd, or any how fixed, as all other 
Fluids may. (3.) It is of a different Denſity in e- 
very Part, decreaſing from the Earth's Surface 
upwards ; whereas other Fluids are of an uniform 
Denſity throughout. The Air is there fore a Fluid 
ſui generis, if it be properly any Fluid at all 
(LXXXV). 

D 
— a Fluid to „ Fixed — by Cold, as Water 15 — 
or converted into Ice; and melted Metals are brought to their 
fixed State: And in this particular limited Senſe, the Air is 
incongealable, or uncapable of Fixation. But yet it is not ab- 
ſolutely ſo; for we find by various Experiments, that Air has 
a fixed State in the Compoſition of natural Bodies, from which 
when ſet at Liberty, it becomes a fluid elaſtic Air, like the 
common Air; and this again, from a Fluid, may be reduced 
to a fix'd State in Compolition with other Matter, tho” not 
ps for we know, as yet, of no fix'd Body conſiſting en- 
tirely of Air. 


THAT 
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THar the Air was created at firſt with the 
Earth itſelf, is not to be doubted ; and that ever 
fince there has been a conſtant Generation of Par- 
ticles of Air by the mutual Action of Bodies upon 
cach other, as in Fermentations, and all Kinds of 
natural and artificial Chemiſtry, Sir Iſaac Newton 
thinks very reaſonable to ſuppoſe ; and Mr. Boyle 
has given numerous Experiments relating to 
the Production of artificial or factitiaus Air. 
(LXXXVI). 


(LXXXVT.) Since Air is abſolutely neceſſary for the Life 
of Man, and moſt Animals, yea, and Vegetables too, it was 
neceſſary at the firſt Formation of the Earth to render it a 
Habitation for Animals, and a proper Matrix for the Pro- 
duction of Plants. Now fince there is a conſtant Generation 
of Air from all terreſtrial Subſtances (as we ſhall ſhew by and 
by) it follows, that the original Atmoſphere muſt be always 
increaſing in Quantity and Bulk, unleſs we ſuppoſe all that is 

is again abſorb'd or refux'd in the Subſtance of Bo- 
dies, And this alternate Tranſmutation of the State of Air 
is extremely manifeſt from numberleſs Experiments which have 
been made by Mr. Boyle, and Dr. Hales, of which I ſhall 
here give an Account of ſome of the principal of both Kinds, 
as follows. 

2. The Production of artificial or faQitious Air is cauſed 
either (1.) by flow Degrees from Putrefactions and Fermen- 
tations of all Kinds ; or (2) more expeditiouſly by ſome Sorts 
of chymical Diſſolutions of Bodies; or (3.) and-laftly, almoſt 
inſtantaneouſly by the ok nay and the Mix- 
ture of ſome Kinds of Bodi Thus, if Paſte or Dough 
with Leaven be placed in an exhauſted Receiver, it will, after 
ſome Time, by Fermentation, produce a conſiderable Quan- 
tity of Air, which will appear very plainly by the-Sinking the 
Quickſilver in the Gage. Thus as any Animal or Vegeta- 
yo Pens, putrifying ix Yacuo, will produce the ſame Ef- 

3. Gunpowder, fired in Yacuo, inſtantly generates a 
Quantity of Air in the Receiver, which cauſes the 02 
to | And in the remarkable Experiment of Dr. Slare, 
half a Drachm of Oil of Caraway- Seed, pour'd upon a 
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Plate 
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Fig. 1. 


by cauſing the Surface of the Water in the Bolt-head to ſtand 
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THAT the Air is a bravy or porderous Body, 
muſt follow from the Nature of the Matter of 


Drachm of the Compound Spirit of Nitre, produced ſuch a 
prodigious Quantity of Air, as ififtantly blew up the Receiver, 
which was fix Inches in Diameter, and eight Inches deep. 
The Preſſure, therefore, of the Atmoſphere on the exhauſted 
Receiver, which it overcame, was above 400/75. reckoning 
154. to a ſquare Inch. | 

4. But Dr. Hales, in his Yegetable Statics, has greatly ex- 
cell'd in his Experiments of this Kind, and in the Methods of 
making them: One of which was by Diftillation, the other 
by Fermentation. That by Diſtillation is as follows: The Mat- 
ter to be diftil'd is put into the Retort , and then at @ is 
cemented very faſt the Glaſs Veſſel a , which was very ca- 
pacious at 5, and had an Aperture cd, or Hole at the Bot- 
tom. The Bolt-head à 6 being thus immerſed in Water, with 
one Leg of an inverted Syphon put up as far as 2, the Water 
would riſe in the Bolt-head; and drive out the Air through 
the Syphon, which being taken out, the Water will remain in 
the Veſſel to the Part =; at the fame Time, while the Bolt- 
head is under Water, it is placed in the Veſſel x x; which 
with the Bolt-head and Retort is carried to the Chymical Fur- 


nace, where the Retort has the Heat and Fire com 
municated to it, and the Bolt-head a 5 and Veſſel x x well 
ſcreen d from the Heat of the Fire. 


5. As the Matter diſtill'd, all except the Air, would 
down into the Water of the Bolt-head and Veſſel; the Ai 
that was generated or deſtroy d by the Proceſs would be ſhewn 


below or above the Point z, as at y, when all was ſet aſide till 
it became quite cold. Thus if the Body diſtilling generates 
Air of an elaſtic Quality, that added to the former will not 
permit the Water y to riſe fo high as x, and the Space be- 
tween x and y below will ſhew how much Air was produced 
from its fix d State. * 
6. But if, when all is cold, the Surface of the Water y be 
ſeen above the Point æ, it then ſhews that the diſtill'd Body did 
deftroy, that is, imbibe or abſorb, a Part of the natural Air above 
z; and the Space between x and 5, fill'd with Water, will 
ſhew what Quantity was changed from a repellent elaſtic to a 
fix'd State, by the ſtrong Attraction of the abſorbing Particles 
of the diſtill'd Body. This Quantity of generated or abſorbed 
Air it is eaſy to meaſure in Cubic Inches, by ſtopping the End 
of the Bolt-head with a Cork, and then from à Quantity of 
5 * which 
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which it doth conſiſt; and ſince thoſe Particles 
ariſe from Bodies of every Kind in or upon the 


Water of a known Weight to fill it firſt to z, and afterwards 
to y; and the Difference of Weight in the two Bulks of Water 
gives the Number of Cubic Inches from a Table of ſpecific 
Gravities, in the Manner we have formerly ſhewn, 

7. The other Method which the Doctor made uſe of for e- 
ſtimating the ſurprizing Effects of Fermentation ariſing from 
variqus Mixtures of ſolid and fluid Subſtances, in generating 
and abſorbing Air, was as follows : He put the Ingredients 
into the Bolt-head b, and then run the long Neck thereof in- 


5 


to a tall cylindric Glaſs ay, and inclining both almoſt horizon. Plate 
tally in a large Veſſel of Water, the Water ran into the Veſ- XXVIII. 


ſel ay, and driving out Part of the Air, would j its Fig. 2. 


Place upon turning them up and placing both in a Veſſel of 
Water x x, as you ſee in the Figure, where the Surface of the 
Water ſtands in the inverted Glaſs a y at the Point =. 

8. If the Ingredients generated Air, then the Water would 
fall from æ to y, and the empty Space z y was equal ta the 
— of generated Air; but if on Fermentation they ab- 
ſorbed or fix'd the aftive Particles of Air, then the Surface 
of the Water would aſcend from z to = ; and the Cylinder z x 
would be the Bulk of Air abſorb'd, which is eaſily known in 
Cubic Inches. 

9. When the Subjects for trying theſe 1 were 2 
burning Candle, buraing Brimſtone, Nitre, Gu _ fired, 
living Animals, c. the Doctor uſed to make ule of a Pede- 
ſtal, on the Top of which was a Plate whereon he laid the 
Matter to be fired; then inverting the tall cylindrix Glaſg over 
it, and drawing the Water up tozz with an inyerted Syphon, 
he ſet fire to the Matters lying on the Plate by means of a 
Burning Glaſs, concentring the Sun's Rays jn its Focus upon 
the ſame. See the Figure. 

10. But the Way that I make uſe of, and which is the moſt 
eaſy and itious poſſible, is inſtead of having the cylin- 
dric Glaſs cloſe upon the =P at b b, to have it open by a 
ſmall Neck, on which a braſs Cap is cemented with a Female- 
Screw to receive a Stop- to take off the Commu- 
nication af the external Air when Q=cafion requires. Thus 
the Uſe and Trouble of the Syphan is ſuperſeded ; and 
in caſe of noxious Fumes, Vapours, &c. from Agua fortiz, 
burning Brimſtone, &c. a Syringe ſcrew'd on to the Stop.- 
Cock will draw off. the Air, raiſe the Water to what 
Height you pleaſe, without the cumberſome Uſe of a large 
2015 A 3 Earth. 


Fig. 3. 
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Earth, *tis evident the conſtituent Parts of Air are 
of a moſt beterogeneous Nature, and infinitely 


Pair of Bellows, as the Doctor made uſe of. . 
11. I ſhall here ſubjoin the Quantity of Air which various 

Subſtances produce by Diſtillation, which I have collected 

from the Doctor's Experiments, and reduced to Cubic Inches. 


A Cubic Inch of Hog's Blood 33 
Tallow — 25 
Deer's Hom — 234 
Oyſter Shell — 324 
Heart. Oak — ä 216 
Peaſe — — 396 


Amber — — 270 
Oil of Anniſeed — — 22 


Oil of Cloves — 88 
_—_ 144 

Yellow Bees Wax — 54 
Coarſeſt Su — 126 
Newcafile Coal — 360 
Freſh Rarth — 43 
Antimony — 28 
Pyrites 83 
Sea-Salt mixed with Bone-Calx 64 
Nitre, with ditto — 180 
Sal Tartar ditto — 224 
 Rhbeniſh Tartar — 504 
Calculus humanus — 645 
Stone in the Gall- Bladder 648 


12. Theſe are the principal Experiments by Diſtillation. 
Others were made by Fermentation in various Mixtures, ſome 
of which generated Air, others abſorb'd it, and ſome did 
neither generate nor abſorb Air. The principal Subjects, 
which of themſelves abſorb Air, are the Fumes of burning 
Brimſtone or Matches, the Flame and Fumes of a burning 
ir and expiring Animals, as Rats, 
| „Se. 

13. Thus the Doctor ſound that Linen Matches dipped in 
melted Brimſtone, and fired under a Glaſs in a Quantity of 
594 Cubic Inches, abſorb'd 150, which was full one Fourth 
of the Whole, A Candle burning till it went out, its Fumes 
afterwards conſumed a r Part of 992 of Air, 

which was 594 Cubic Inches. A half-grown expired in 
the Air in ten Hours, and abſorb'd 45 Cubic Inches 
of Air, which was a 7, Part of the whole 594. 


various 
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various in their ſpecific Gravities: Whence alſo 
it will follow, that as the Matter which compoſes 


14. From what has been ſaid we ſee with how much Rea- 
ſon Sir I/aac Newton philoſophized on this Subject in the fol- 
lowing Words. True permanent Air ariſes by Fermenta- 
tion or Heat from thoſe Bodies the Chymiſts call fxed, 
« whoſe Particles adhere by a ſtrong Attraction, and are not 
% therefore ſeparated and rariſied without Fermentation; 
* thoſe Particles receding from one another with the greateſt 
1 repulſive Force, and being moſt difficultly brought 
„ ther, which apon Contact were moſt ſtrongly united. 
And again: Denſe Bodies, by Fermentation, rarify into ſe- 
« yeral Sorts of Air; and this Air by Fermentation, and 
«© ſometimes without it, returns into denſe Bodies. See his 
Optics, Query 30, 31. 

15. Nan Aa Lir is 8 hnnry Body, a Cubic Inch whereof 
weighs very neaz 5 of a Grain, it follows, that Air in its 
ir d State in Bodies makes a Part of their Subſtance, and in 
ſome of them a very great Part too, as is known from the 

tity and Weight of the Air diſcharged upon the Analyfis 

the Bodies. This has eſcaped the Obſervation of Chy- 

miſts, who have hitherto taught that all Bodies were ultimate- 

ly reſolvable into what they call Four Elements only, viz. Wa- 

ter, Oil, Salt, and Earth. Butby the following Table it will 

appear, that Air is an Element of Natural Bodies in as pro- 
per a Senſe as any of the other. 

16, In the firk Column of this Table you have the Bulk 
of the Body in Cubic Inches and Parts; in the ſecond, the 
Number of Cubic Inches of generated Air; in the third is 
the Weight of the Body in Grains, in the fourth is the 
Weight of the generated Air; and the fifth ſhews what Part 
of the Whole the Air makes. | 

C. Inch. C. Inch. Gris. Gris. Prop. 

Deer's Horn, 41 — 117 — 241 — 33 — 2 

23 — 162 — 266 — 46 — 
Heart of Oak, 4 — 108 — 135 — 30 — 


Indian Wheat, 270 — 388 — 77 — 
Peaſe, I 396 — 318 — 113 — 
Muſtard - Seed, 270 — 437 — 77 — 


153 — 142 — 44 — 

43 — 9 = "1. 
$4 — 243 — 15 — 
4 2 


Amber, 1 — 135 — 135 — 38 — 
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the Body of Air, or Atmoſphere, is always vari- 
able, ſo will its Weight or Gravity be likewiſe ; 


Inch. Cheb. Grs. Grs. Prop 


Coarſe k 1 — 126 — 373 — 36 — oh 
Nene. Con, 3 — 180 — 150 — 51 — x 
I ner 
Rbeniſb Tartar, 1 — 504 — 443 — 144 — 1 
Calculus humanus, + * 


— 516 — 230 — 147 — 
17. Thus we ſee that diffrent Bodies contain different 
Quantities of fix'd Air, from a Sixteenth to one Half of the 
whole Subſtance. From hence we may be fully ſatisfied of 
the Truth of Sir [aac Newton's Reaſoning in the 31ſt Query 
of his Optics, in theſe Words: The Particles, when they 
are ſhaken off from Bodies by Heat or Fermentation, 
** ſoon as they are beyond the Reach of the Attraction of 
** the Body, recede from it, and alſo from one another, with 
great Strength, and keep at a Diſtance, ſo as ſometimes to 
„take up above a Million of Times more Space than they 
% did e in the Form of a denſe Body: Which vaſt Con- 
traction and Expanſion ſeems unintelligible by ſeigning the 
«*« Particles of Air to be ſpringy and famous, or roll'd up 
like Hoops, or by any cther Means than by a repulſive 
RE | 
18.” That the Particles of Air cannot be thus coil'd up and 
detain'd in their elaſtig State in the Subſtance of Bodies, is 
eaſy to be ſhewn from Calculation. Thus, for Inſtance, one 
Cubic Inch of Oak yields 216 Cubic Inches of Air: Now 
ſuppoſe the Preſſure of the Atmoſphere be on every Square 
Inch about 15 B. (as we ſhall ſhew) then in order to compreſs 
216 Cubic Inches into one Cubic Inch, the Weight of 216 
Times 15 /b. or 3240/6. which would be the Force to confine 
it on each Side the Cube, which, as it has ſix Sides, will re- 
quire b x 3240 = 194404. or near twenty thouſand Weight, 
to confine this Air in its elaſtic State in one Cubic Inch, Þ - 
poling it to be all Air; but, as it is not, the Force will 
greater ſtill. This Force therefore of 19440 Ib. muſt be ex- 
erted in every Cubic Inch of the Oaken Tree, which would 
rend it in pietes with a vaſt Exploſion. It is therefore not to 
be doubted but Air in Bodies does exiſt in a fix'd and unelaſtic 
State; and that it is rouſed, and put into an active repellent 
State by means of Fire and Fermentation. 
19. They who would fee the numberleſs Uſes that may be 
made ol this important Docirine of artficial Air, and the ſur- 
* 4 . as 
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as we conſtantly experience by the BaroMETER, 
of various Kinds and Structure. (LXXXVII). 


rizing Scenes of Knowledge which it lays open in the moſt 
abſtruſe and difficult Parts of Phy/ics, may conſult all the latter 
Part of the invaluable Book above-mentioned, viz. Dr. Hales's 
Vegetable and Chymico-Statical Experiments, ſome of which we 
ſhall take notice of alſo in the Sequel of theſe Notes. 


(LXXXVII) 1. The Weight of the Air is manifeſt from 
Reaſon and various Experiments. The Particles are affected 
by the Power of the Earth's Attraftiqn, and muſt therefore 
all gravitate or tend towards its Centre, which is what con- 
Ritutes Weight in them, and all other Bodies. The Experiments 
to ſhew the Weight of the Air are numerous which we ſhew 
on the Air-Pump, among which one is abſolute and very ex- 
act, ene it in a Balance, in the ſame manner as all 
other heavy B | 


odies are weigh'd. 
2. The Method I take for this is, I believe, the moſt ex- 
act and nice that can poſſibly be thought of. For ſince (as 
we have ſhewn) the Friction of the Balance is in Proportion 
to the Weight with which it is charged, the leſs the Weight 
is, the leſs will be the Friction, and conſequently the more 
nice and exquiſite will be the Experiment. In order to this 1 
take a very thin large Fbbrence F laſkk, whoſe Capacity is exact- 
ly known in Cubic Inches : This I exhauſt of all the Air as 
near as can be, and then hang it to the End of a fine and 
exact Hydroſtatic Balance, which I counter balance by Grain- 
Weights in a Scale hanging from the other End. When the 
Equilbrium-is nicely obtain'd, I lift up the Valve, and let 
the Air ruſh into the Flaſk, which is ſenſibly heard, and ſeen 
to gravitate in the Glaſs, by caufing it gradually to. deſcend 
till it be fill'd with Air, and will then preponderate greatly. 
Then to reſtore the Equilibrium, I find by Experience *tis ne- 
ceſſary to add about 8 Grains for every Pint the Flaſk con- 
*ains; which ſhews that a Gallon of Air weighs about a Dram, 
and a Buſhel an Ounce Trey; and becauſe one Pint = 28 
Cubic Inches nearly, therefore one Cubic Inch of Air weighs 

2 = 3 of a Grain, at a Mean. 
3. As the Air is a heterogeneous Fluid, it will vary in ity 
Weight according to its different component Parts, and alſo 


accdfding to, its different Altitudes, which it muſt have as 
elaſtic and fluctuating Fluid. vince few Bodies are lighter 
than Water, and that Water is moſt eaſily rarißed into Va- 
Pur, it follows, that the Atmoſphere fill'd with _ Par- 
INCE 
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Since the Particles of Air are ſuch as being 
ſeparated from Bodies beyond the Sphere of cor- 


ticles will be lighteſt, as we generally find it is in moiſt rainy 
Weather; and alſo that it muſt oftener be in this light than 
in a heavier State: And that Inſtrument which ſhews the Va- 
riation of the Air's Gravity, or its different Weight at dif- 
ferent Times, is call'd a BA ROUTER, of which there are 
various Kinds, which are here deſcribed ; but I ſhall firſt give 
an Account of the moſt ſimple Structure or Form of thoſe In- 
ſtruments, which is as follows. A Glaſs Tube, hermetically 
ſeal d at one End, is to be fill'd with Quickfilver, well defe- 
cated and purged of its Air: The Finger being then placed 
on the open End in immediate Contact with the Mercury, fo 
as not the leaſt Particle of Air is admitted, the Tube is in- 
verted, and carefully immerfed with the Finger on the open 
End in a Baſon of the ſame prepared Mercury; then upon 
removing the Finger, the Mercury in the Baſon will join that 


in the Tube; and the ſaid Column of Mercury in the Tube 


will be ſeen immediately to ſublide, or fink down to a certain 
Pitch or Altitude, if the Tube be above 31 Inches long, as 
it ought to be. 

4. Let AB be ſuch a Tube of 34 Inches h, and f of 
an Inch in Diameter, (as it ought to be for this ſe) her- 
metically ſeal d at A, and at B; let CD be the Baſon 
of Mercury, in which the Tube is immerſed inverted, the 
Surface of the Mercury in the Baſon E F, and in the Tube 
G H. Now, tis eaſy to underſtand, that if all this could be 
12 d in YVacuo, as ſoon as the Tube was inverted, all the 

ercury would deſcend into the Baſon, becauſe as a heavy 
Body it muſt tend towards the Centre of the Earth, till it 
meets with ſome Obſtacle, as the Baſon, to obſtruct its Mo- 
tion, and ſupport it. I fay, all this would ha in Vacuo, 
unleſs we can ſuppoſe any Power in the Tube ſufficient to ſuſ- 
tain the Column of Mercury ; now there can be no ſuch Power 
but that of Coheſion, which indeed, in Tubes of a ſmall Bore, 
has been found able to ſuſtain it ; but in ſo large a Bore, as 
we ſuppoſe this Tube to have, that Power is by far too ſmall 
to ſupport ſo heavy a Column, which muſt therefore of Courſe 
fink into the Baſon; and ſo ſtand upon the ſame Level in the 
Baſon, and in the Tube, 

5. But ſince the Mercury does not totally ſubſide when this 
Experiment is made in the Air, the Column which remains 
in the Tube muſt owe its Suſpenſion to the Air as its Cauſe, 
fince nothing within nor withaut the Tube can be ſuppoſed 
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puſcular Attraction, are ſtrongly repell'd from 
thoſe Bodies; this Repellency being mutual 


(with any Shew of Reaſon) to produce ſuch an Effect, beſides 
itſelf. Now allowing the Air to be a gravitating Fluid, it 


muſt neceſſarily cauſe ſuch an Effect, as the Suſpenſion of Mer- _ 


cury in the Tube; for by its Gravity a Force of Preſſure muſt 
be produced on all the Surface of Mercury in the Baſon, which 
is contiguous to it, and on every Part equally. Now ſince 
the Mercury in the Baſon is in Eguilibrio with that in the 
Tube, it is plain the Weight of the Mercury in the Tube, 
and the Weight of the Air upon every circular Area of the 
Surface of the Mercury in the Baſon, equal to the Orifice of 
the Tube, muſt be equal, for elſe they could not balance each 
other, as we find they do; the Column of Mercury there- 
fore is fuſtain'd by the Counter-Preſſure of a Column of Air 
of the ſame Baſe, and whoſe Altitude is equal to that of the 
Atmoſphere. 

6. That the ly, of the Columns of Air and Mercary, 
we have now been ſpeaking of, are preciſely equal to each 
other, will be farther evident, if we conſider, that upon Sup- 
poſition the Quickfilver were throroughly purg'd from Air, 
when it ſubſides in the Tube, it muſt leave a Yacuum in all 
that Part of the Tube above it, and ſo there is nothing to a& 
upon its upper Surface to depreſs it; it will therefore always 
ſink or riſe to ſuch an Altitude, as the various Gravity of the 
Air requires, and of which it is therefore an adequate Ex- 
preſſion or Meaſure, as its Nature imports. This Invention 


was Qwing to that happy a/ian Genius Torricelh, a Diſciple 


of the famous Galileo. And hence it is very often call'd the 
Torricellian Tube, and the Torricellian Experiment, &c. ; 

7. Since, as we have ſhewn, this ſuſpended Column of 
Mercury exactly indicates the Gravity of the Air at all Times, 
it has employ'd the Attention of all Mankind, who very ſen- 
ſibly find themſelves affected with the different State of the 
Air; but more eſpecially has it merited the Conſideration of 

to 


repreſented by BH, and let the greateſt Altitude be BI, 
| between 
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PNEUMATICS. 
between the Particles, they do by this means 


conſtantly repel each other, and therefore they 


and the leaſt BK, then is I K call'd the Scale of Variation. 
8. Now as there is a Space of 3 Inches in the perpendi- 
cular Tube for the Mercury to rife and fall in, and fince Fluids 
will always have the ſame Altitude in a Tube of any Form 
or Inclination ; Artiſts have contrived Methods to increaſe the 
Motion of the Mercury, by making it move over a la 
Space ; and thus have invented ſeveral different Forms of Ba- 
rometers, the principal whereof I ſhall here deſcribe. That 
which, next g the upright one, is in moſt Eſteem, is call'd 
the Diagonal Barometer, and is that in Fig. V. where ABC 
is a Tube ſeal'd at C, immerſed in Mercury at A; this Tube 
is perpendicular from A to B, where the Scale of Variation 
begins ; from thence it is bent into BC, making an acute 


Angle FBC. This Part BC proceeds to the higheſt Limit 


in the Scale of Variation, wiz. IC; and conſequently while 
the Mercury riſes from K to I in the common Barometer, it 
will move in this from B to C (See f. LXIX. 4.) and 
ſo the Scale will by this means be inlarged in the Proportion 
of BC to FB=IK, . e. of the Diagonal to the leaſt Side 
of a Parallelogram. | 
9. The Fault which this Form is ſubject to is this, that as 
the Quickſilver is a very heavy Body, and ſupported on the 
Part B C, like a Body on an Inclined Plane, it muſt have a 
eat Degree of Friction, which is the more ſo as the Part 
BC i more oblique, and conſequently the very ſmall and 
nice Variation of the Air's Preſſure cannot be ſo well ſhewn 
in this Form, where the Motion is not abſolutely free; and 
it very often happens, from the Inclination of the Part B C, 
that the Quickſilver divides into ſeveral Parts, and fo requires 
the Trouble of filling the Tube anew too frequently. This 
Form is the Invention of Sir Samuel Moreland. 

10. Another Form of the Barometer for enlarging the 
Scale of Variation, was contrived by Mr. „, and after- 
wards compleated by Mr. John Berno/ti, It conſiſts of a 
Tube ACDF, feaPd on the upper End A, and bent to 2 


-Right- Angle at D, whence it has the Name of the horizon- 


tal rectangular Barometer. The Mercury ſtands in both Legs 
from E to B. The Scale of Variation from A to C, is here 
made of a larger Part, and then it is evident in moving 3 
Inches from A to C, it will move thro' ſo many times 3 
Inches in the ſmall Leg D F, as the Bore of D F is leſs than 
the Bore of AC, whence the Motion of the Mercury at r 
mu 
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muſt obſerve an equal Diſtance among themſelves, 
When, therefore, thoſe aerial Particles are obliged 


muſt be extremely ſenſible; but the Inconvenience here too 
is, that the Mercury is very apt to break off in the Leg E, 
az alſo to run out at the End F; beſides that, here alſo is a 
reat Degree of Friction, and not only that, but the Part 
F being of a very {mall Bore, the Attraction of Coheſion 
will a little impede the free Motion of the Mercury thereitl. 
11. The next Sort of Barometer that I ſhall deſcribe, is 
call'd the Pznvent BaroMETER, becauſe being a =_ 


13 


Tube only, it is hung up by a String at the End A. T is Plate 


Tube is a little tapering or conical, the End A being a little XXVIII. 


leſs than B; it is ſeal'd at A, and fill'd with Mercury from Fig. 7. 


A to F = 31 Inches; then when the Tube is inverted, the 
Mercury, F the Gravity of the Air be not greateſt, will fink 
down in the Tube and abide in that Part C D, which will ad- 
mit its Length or Altitude CD to be the ſame with that in 
the Common Barometer. Thus by reaſon bf the conical Bore 
of the Tube, as the Air grows lighter the Mercury will de- 
ſcend, till When it is lighteſt of all, the Mercury will ſtand 
from the lower Part of the Tube Bto E, ſo that BE=28 
Inches. Conſequently the Mercury will, in ſuch a Tube; 
move from A to E, 32 Inches, if the Tube be 5 Feet or 
60 Inches long, and ſo the Scale A E is here above 10 Times 
greater than in the Common Barometer. The Fault of this Ba- 
rometer is, that the Tube being of a very ſmall Bore, the 
Attraction of Coheſion will be very conſiderable, and prove 
an Impediment to that Freedom of Motion as is neceſſary to 

a very ſmall Variation of the Air's Weight; for which 
Reaſon, when you ſhake the Tube a little, the Mercury will 
not ſettle again where it was, or have the ſame Altitude as 
before; beſides, that by its Weight it is very apt to break 
off in the lower Part, and fall out of the Tube, We owe 
Invention to Mr. Antontons, who firſt publiſh'd it in A. D. 
I . 

44 The next Barometer which I ſhall mention is call'd 
the WHzzL-BaromETER, from its Structure, which is eaſi- 
ly underſtood from the Figure. Where A BD G repreſents 
the Quickſilver in a Glaſs Tube, having a large round Head 
or Ball at Top, and turn'd up at Bottom to F ; upon the Sur- 

ace of the Mercury in the recurv'd Leg there is placed an 

ron Ball G with a String going over a Pulley C D, and is 

ballanced by another Weight H hanging freely in the Air. 
As the Surface of the Mercury at A B is very large, and 4 
} | y 


* 
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EB, will vary in its Weight by x + Br. Alſo fince the 
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by any impreſs*d Force to approach nearer to each 
other, the repul/fve Power will re- act or reſiſt the 


G very ſmall, the Motion of the Quickſilver, and conſe- 
quently of the Ball G, will at Bottom be very conſiderable ; but 
as the Weight G moves up and down, it turns the Pulley CD, 
and that a Hand or Index K L, by the Diviſions of a 

Circle MNOP ; by which means the minuteſt Va- 
riations of the Air are plainly ſhewn, if the Inſtrument be ſo 
very accurately made that the Friction of the ſeveral Parts be 
122 This is one of the many curious Inventions of 

. Hooke. 

13. Theſe are the principal Contrivances hitherto invented 
for enlarging the Scale of Variation in fimple Mercurial Baro- 
metets.. There are other Inventions of compound Barome- 
ters, wiz. ſuch as are made of Mercury and Water, or other 
Liquors for that Purpoſe ; but they are ſo difficult to make, 
ſo faulty when made, and fo troubleſome to uſe, that it is not 
worth while to deſcribe them. However, as the Reader may 
have an Idea of one of the beſt Sort, I ſhall here give him 
that which owes its Invention to the Reverend Mr. ing. 
together with his Demonſtration of its Theory. 

14. ABC is a compound Tube ſeal'd at A, and open at 
C, empty from A to D, fill'd wich M from thence to 
B, and from thence to E with Water; let G, B, H, be in an 
horizontal Line, then it is plain from the Nature of the Sy- 
phon, that all the compound Fluid contain d in the Part be- 

een H and G, muſt ever be in Eguilibrio with itſelf be the 

eight of the Air what it will, becauſe the Preſſure at H and 
G muſt always be equal. Whence tis evident, that the Co- 
lumn of Mercury D H is iz Eguilibrio with the Column of Wa- 
ter G E, and a Column of Air of the ſame Baſe conjointly, 
and will therefore vary with the Sum of the Variations of each 
of rheſe ; all which muſt now be computed. 

15. The Variation of the Weight of the Air, which we will 
call V, is meaſured by the Space which the Mercury moves 
in the common Barometer in a given Time. Let x be the 
Space which the Water at E moves thro in the ſame Time, 
and let the Diameter of the Tube A F be to that of the Tube 
FCasDto 1, then will the Space moved through at B be as 


* | | 
FD and therefore GE the Difference of the Legs E K and 


ſaid 
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faid Force with an equal Momentum; and thus 
cauſe what we call the ReniTEexncy, ELASrIcir v, 


Space mov d through by the Mercury at B and D is as Br, 
che Difference DH will vary its Weight by 2. Burthis e 
riation of Weight is equal to both the former, and fince x + 
Br is an Altitude of Water, if we put m to 1 as the Specific 
Gravity of Mercury to Water, we ſhall have 1: 1 x + 
1 3 ns” 
| By m 


= Altitude of Mercury of the ſame Weight, 


Analogy; as &: V:: D*: 22 — D* — 1, ſo is the Scale . 
of Variation in this, to that in the common Barometer. 
16, Hence if m 14, and D=1; we have æ: V 14: 
26 :: 7: 13 ; which ſhews that when the Tubes A F and F C 
are of an equal Bore, the Variation in this is leſs than that of 
the common Barometer in the Ratio of 7 to 13. If 2m— 
D*—1=0, or z — 1 2D, then D=V 2 — 12 
5,23 whence it appears that when the Diameter of A F is to | 
of FCas 5,2 to 1, the Variation x will be infinite in | 
reſpe& of that in the common Barometer. If D = 5, then | 
x: Vn 175 : 1; which ſhews how very large the Scale of 
Variation in this Barometer maybe made in compariſon of the 
common one. But I believe ſuch a Structure as this will af- 
ford more Pleaſure in Speculation than in Practice; and when 
all is done the Barometer of the common Form, as it is moſt 
fumple, ſo it will be found the moſt eaſy and accurate of all 


17. Before I conclude this Article, I ſhall juſt mention the 
Barometer invented by the Rev. Mr. Caſwell of Oxford. Sup- 
RE be a Bucket of Water, in which is the 

{cope ærex yon, which conſiſts of a hollow Body xn, plate 
and Tube „ye, made of Braſs, Tin, Glaſs, e. The Bot- xXIx. 
tom of the Tube z y has a Lead-Weight to fink it, ſo that Fig, 1, 
the Top of the Body may juſt ſwim even with the Surface of 

| or 
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or Spain of the Air; which is ſo ſenſible by the 


Water, by the Addition of ſome Grain-Weights. As the In- 
ſtrument is put into the Water, with the Mouth downwards, 
the Water aſcends into the Tube to the Height of yu; there 
is added on the Top a ſmall concave Cylinder, or Pipe, to 
ſuſtain the Inſtrument from ſinking to the Bottom when the 
Air becomes heavier; md is a Wire, and ms, de, are two 
Threads, oblique to the Surface of the Water; of theſe 
Threads there may be ſeveral ; and as the Water juſt touches 
the Top or Crown of the Inſtrument, when the Altitude of 
the Mercury is leaſt in the Common Barometer, fo as the Air 
increaſes in Weight, the Inftrument finks in the Water, and a 
ſmall Bubble is form'd on the Thread, which continually aſ- 
cends and deſcends thro” all the Length of the Thread. From 
a Calculation on the Theory, it appears, that this Barometef 
is above 1200 Times more exact than the Common Baro- 
meter. Sce the whole Calculation in the Proſeſſor's own Words 
in the Phil. Tranſations. | 

18. Though I have made and tried the Barometer above 
deſcribed, and find it to anſwer the Theory very well, yet is 
it not fit for common Uſe, becauſe it can only ſhew the ex- 


treme minute Variations of the Air's Gravity for the preſent 


Time, by reaſon it is affeRed by the Heat as well as Weight 
of the Air. While the. Degree of Heat remains the ſame, 
nbthing can exceed this Inſtrument as a Barometer; but as the 
Heat of the Air varies; ſo will the Elaſticity of the included 
Air, which therefore will cauſe the Inſtrument to vary its Gra- 
vity, while that of the Air remains the ſame; and ſo cannot 
be of conſtant Uſe. : | 

19. I have already hinted that the Common Barometer, 
after all, is the beſt Inſtrument to meaſure the Air's Gravity; 
which that it may do to the greateſt Perfection, the following 
Things are neceffary. (1.) That the Tube be at leaſt of 4 of 
an Inch Bore ; 3 of an Inch is a good Size. (2.) The Tube 
ought to be new, clean, and dry within when fill'd ; in or- 
dtr to this, the Tube ſhould be hermetically ſealed at both 
Ends at the Glaſs-Houſe when made ; one End of which may 
be cut off with a File when you intend to uſe it. (3.) The 
Diameter of the Ciſtern that holds the Mercury, in which the 
'Fube is immerſed, ſhould be as large as conveniently may 
be, that the Mercury therein may have nearly at all times 
the fame Altitude; otherwiſe the Index will not be true. 
(4 ) The ?lercury muſt be very pure, and free from any Mix- 
ture of Tin, Lead, or other Metal. (5.) It ought to be 

| man / 


Tagge e 4 


- “ 
- 


rer, , 


PN EUMAT ICS. 
common Experiment of a dr Bladder, aiill 


purged from Air entirely, as it may be by boiling it, and fi- 
ing the Tube with it while belli hot — 6.) The 
Tube muſt be heated hot when fill's, to avoid breaking by 
the boiling Mercury. (7,) It ſhould be rubb'd very hard, to 
excite the Electric Virtue, which will expel, the Particles of 
Air from the * within 1 (8. —— ought to 8 
zig (as it is call'd) applied to the Index of the uat 
te, to meaſure dow accurately the Riſe 2 Fn of the 


Mercury. ; 1 ' 1 
20. This Artifice is of fingular Uſe in this and many other 
Caſes. It bears the Inventor Nonius's Name, and its Nature 
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and M f applying it is as follows. A B is the upper * 
Part of ometer, 5 which the Surface of the Mercuy 7 


is at C. FG is the uſual Plate of 3 Inches Extent, from 28 Fig. 10. 


trived as to ſlide by the other in ſuch manner that its Index 
may be always ſet on one Part to the Surface of the Mercury, 
and on the other End pointing to the Diviſion in the Scale of 
correſponding thereto. Again, the Nonius is divided 
into 10 equal Parts, which 1 are equal to 11 of the 
Divifions of Scale ; is, DE = 11 Tenths of an 


to 31.; and DE is tle ſmall Plate call d. the An fo 598: 


Inch; and conſequently each ſmall Diviſion of the Nenius is 


equal to 1,1 ; two of them to 2,2; three of them to 3,3 ; 
and ſo pon. Whence tis eaſy to obſerve, that if the Index D 
points between any two Diviſiong of the Scale, as here be- 
tween 29,7 and 29,8, we need only look back to ſee what 
Diviſion 27 the Noni coincides with a Diviſion of the Scale, 
and that will ſhew how many Tenths of a Tenth, that is, how 
many Tenths beyond, 29,7 in the preſent Caſe : But you ob- 
ſerve the Nonizs coincides with a Diviſion of the Scale at the 
fifth Diviſion ; -conſequently, the Mercury ſtands at 29,74 
Inches in the Scale ; and ſo you proceed with the greateſt 
Eaſe to che hundredth Part of an Inch, which is a great De- 
gree of Exactneſs. | 

21. From what has been ſaid we may eaſily ſte tlie excel- 
tent Uſe of the Barometer in inc iſuritig the Heights 22 

w) 


as Mountains, Towers, &c. For ſince (as we 


ſpecific Gravity of Air (ſuch As is near the Earth's Surface) is 
to that of Mercuty as 1 to 12040, tis plain | 
of Air in Height, wi ce one Inch High of Mercury; 
conſequently, i 204 Inches, or 100 Feet, anſwers to 7; of an 
thch of, Mercury. Therefore if a good Barometer be _ 
to the T'op of a Mountain, or other high Place, the Me 


Vor, II. B many 


12040 Inches, 


— 
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Z many others on the Air Pump. (LXXXVIII). 


| will ſubſide near one Tenth of an Inch for every 100 Feet 
; of perpendicular Aſcent, and fo will be a proper Index of the 
| whole Height aſcended. 

| + 28. But ſince Mercury is not quite 14 times heavier than 
| Water, the Number 12040 is ſomewhat toe large, and there- 
fore a leſs Height than 100 Feet will anſwer to 0 of an Inch 
Deſcent of Mercury in the Barometer; and what that is will 
be ſhewn from the 1 Dr. Netthtow very 
exactly, as in the Table below. 


Aitade of 1. 
PVT ITT 
| 1 ight. Bittom: 7% Diers. 


for 
Tower of Halfax 102 — '29,78 — 29,66 — 0,12 — 85 
| Coal Mine 140 — 29,48 — 20,32 —0,16 — 87 
Another, is 236 — 29,50 — 29,23 — 0,27 — 87 
. A ſmall Hill 312 — 29,81 — 29,45 — 0,36 — 86 


Halifax Hull 50 — 30,00 = 29,45 —0,55— 91 


23. the ht, to which the M will ftand 
„ Bb, TE CO WR wh eight it will 
ſtand at any other propoſed. For ſince the Denſity of the Air 
decreaſes in a Geometrical Ratio, as the Altitudes increaſe in 
an Arithmetical one, the latter will be as the Logarithms of 
the former reciprocally : But the Weight of the Air is as the 
Denſity, and the Height of the Mercury in the Barometer is 
as the Weight, therefore the Elevations are 2 the Loga- 
rithms of the Height of the Mercury reciprocally ; and conſe- 
quently, if we take 30 Inches for the Standard Altitude, and 
35 eat for the Akitade requiſite to make it fall 25 of an 


Inch; Eng N yo 


1 ———— which vil malte 


it fall ; oo Techs: add © for aan dats R : 
| 24. 5 e has computed. the fol 
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A TABLE ſhewing the Num A TABLE ſhewing 
| ber of Feet aſcending, required] | Number of Peet Fry 
to make the Mercury fall to any to make the Mercury fall 
given Height in the Tube, from] one Tenth of an Inch 
30 to 26 Inches. As alſo the] | from any given Height 
Number of Feet deſcending, re-| | in the Tube, from 31 to 
quir'd to make the Mercury riſe,| | 26 Inches. . 
from zo to 31 Inches. 2 
— — 63 —.— en 
DS SF 8. 
DR 2 r r LAT S 
| 1 
z1 of 834 79127 911547 55 3r "of82 28/7 9/577: 
30 9 752 53127 $1938 977 ge 53127 . 75 
30 8| 670 01027 7/2030 72] [30 8182" 79127 702 o8 
30 7 587 21027 612122 8030 2183 06[27 6[g2 41 
zo 6] 504 15127 512215 2730 6183 33[27 6502 74 
3o 5] 420 82127 412307 951130 "61127 4193 07 
30 4 337 21 2 188 9230 483 89% 7 3/03 41 
„ 253 een 30 384 1607 293 76 
30 2 169 1027 12588 200 [30 264 44127 1194 12 
zo 1] 84 720/27. 0682 330 139.104! 721*7, 9494 47 
30 o] oo oo[26 912776 8 ug ox 446 
| 912776 86| [39 „35 oo[26 9/94 82 
29 9 85 oc[26: 3802871 6229 91835 29026 Blgg 17] 
29 8] 170 29120, 712966 791]29 8185 58126 705 53 
29 7 255 87267 613062 32 5 7 6126 6095 85 | 
29  6| 344 73/26 03168 211429 6136; 26126 5196 25 | 
29 5 427 89 26 4 3254 4629 586 45 26 406 61 | 
29 4| 514 3406 3Þ3351 %% 4/86 74126 3196 95 
29 3 601 08]25 , 213448 05|429  3þ87. 03126 2 6 
29 2 688 1176 1 1129 287 33 4 
9 1126 113545 4029 2137 33/26 1197 73 | 
29 1] 775 44/26 013643 14] [29+ 187: 63126 00% 10 | 
29 of 863 o8| 29 887 93 
28 9] 951 or | 128 gs 24 8 | | 
- 811039 25 | [ 28 888 55 — ö 
28 711127 80 28 7138 86 We | 
28 611216 66] | [1:8 48 17 ; 
28 51305 83 g- 28 589 49 | 
20 411395 32 | 11:8 4 8% 
be 311485 13 26 3| 3 | 
"> 211575 26 | 14-5 2 
- * 70 ; 28 1 
28 oſ1756 47 | s <[91 og | 
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Pl. XXIX. 
Fig. 2. 
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By reaſon of the Spring of the Air, its Dens1TY 
muſt be always different in different Altitudes 
from the Earth's Surface; for the lower Parts of 
the Air, being preſſed by the Weight of the 
ſuperior Parts, will be made to accede nearer to 
each other, and the more fo as the Weight of the 


(LXXXVIIH.) 1. That we may here exhibit a plain and 
clear Idea of the Force with which the Particles of Air re- 
pel one another, "twill be neceſſary to proceed in the follow- 
ing Manner. If in any Diſtance AB, there are placed any 
Number of Particles at equal Intervals from one another; and 
in any other equal Diſtance CD, there are placed twice as 
many Particles at equal Intervals alſo; tis plain the Intervals 
between the Particles in CD will be but half fo great as thoſe 
between the Particles in the Line AB. Hence the Number 
of Partitles in any equal Parts of AB, C D, will be inverſe- 
ly as their Diſtances from each other. Or, if we put N= 
Number of Particles, and I to the Interval between each; 


then will N be always a -T, for Lines. 

2. But for Superficies, ſince they are as the Square of their 
like Sides, we ſhall have N- as 55; and in like Manner, fince 
Solids are as the Cubes of their like Sides, we ſhall have Na 
as I. But N* is as the Denſity of the Superficies ; and Na 
as the Denſity of the Solid ; conſequently the Denſity D, of a 
Superficies of this Sort, is as ——, and of a Solid as g. And 
to facilitate the Idea, let A B C be a Superficies of ſuch Par- 
thy, RN SHES; and DF a Solid of a cubic 


3. Next, let it be ſuppoſed that &ach of theſe Particles re- 


pels thoſe, and thoſe only, which aze next to it; and let this 


repulſive Force (F) be inverſely as the » Power of the In- 
terval I, between the Centres of two adjacent Particles; that 
is, let F be as Ig. Hence tis manifeſt ſuch an Aſſemblage 
of Particles muſt conſtitute an e/oftic F/uid, or ſuch an one as, 
when compreſs'd, or acted upon by any external A. 


gent, will, by Virtue of its innate repellent Power, re. act or 


incumbent 
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iacumbent Air is greater; and hence we ſee the 
Denſity of the Air is greateſt at the Earth's Sur- 
face, and decreaſes upwards in geometrical Pro- 
portion to the Altitudes taken in arithmetical Pro- 
greſion. Now it is found that the Air is four 
Times more rare at the Height of ſeven Miles 


ake Reſiſtance with an equal Degree of Force. 
* Yew the Force of N Parts is as the Den- 
Gity D, and the repellent Force F between two Particles, con- 
jointly, or as D x F; buy D is 1 f, and F is as —; where- 
Eq I : : 


the elaſtic Force of the Fluid. Now the Denſity D of the 


Fluid in the cubic Inch is as 55, whence I*D is as 1, - 


I I : 1 
as 5˙ which ſubſtituted for I in the Expreſ- 


ſion of the elaſtic Force 1 2 gives 5 , that is, the 
elaſtic or compreſſive Force is as the Cube Root of that Power 
of the Denfity, whoſe Index is 2 + 2. 
5. Hence if E the elaſtic Force be as the Denſity D, in 
f | 1 +2 
any Fluid; then the general Expreſſion D becomes 


E ">, whence in that Caſe = = I, and on þ2=3 


and = = 1. Conſequently in ſuch a Flujd F is as , or the 
Particles repel each other with Forces that are reciprocally 
proportional to the Diſtance of their Centres. Such then is 

the Property of the Air, whoſe Denſity is always propor- 
tional to the Force which compreſles it, as is proved by the 
following Experiment. | 

6. Let Mercury be pour'd into an infleted Tube ABCD, PLAXINg 

open at both Ends, td a ſmall Height as B C. Then ftop- Pig. 
ping the Orifice D very cloſe with a Cork or otherwiſe, mea- 8. & 
ure the Length of confined Air DC very nicely, and pour 
Mercury into the other Leg AB, till its Height above the 

Surface of that in CD be equal to the Height at which It 


B 3 


ID . 
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than at the Earth's Surface; and tacrefore at the 
Altitudes of 7. 14. 21. 28. 35. 42. 49. Se. 
the Rarity of the Air will be 4. 16. 64. 256. 
1204. 4096. 16384. Sc. 

Ir the Air were of an equal Denſity throughout, 
the Height of the Atmoſphere might be deter- 


ſtands in the Barometer. Then it is plain the Air in the 
ſhorter Leg will be compreſs d with a Force twice as great 
as at firſt when it poſſeſs'd the whole Space C D; for then it 
was compreſs'd only with the Weight of the Atmoſphere ; 
but now it is compreſs'd by that Weight, and the additional 
equal Weight of a Column of Quickſilver. Let E be now the 
Surface of the Mercury in the Leg C D, and upon meaſuring 
DE, the Space into which the Air is now compreſs'd, it will 
be found to be juſt kalf the former Space CD, that is, 
DE=z DC. F 24.4 AY 

7; Hence it appears that the Spaces S DC, and = DE, 
which a given Quantity of Air poſſeſſes, under different Preſ- 
ſures p and P, are as thoſe Preſſures reciprocally; that is, 
$:::iP:p. And becauſe the Denſities 4, D, where the 
Quantity of Matter is given ( Awnctat. LVI. .] are reci- 
procally as the Magnitudes of Bodies, «iz. 4: D :: 5:5; 
therefore the Denſities of the Air are as the Compreſſing 
Forces diefAly, wiz. d: D:: %: P. This Property of the 
Air is the Principle to which we owe the Invention and Con- 
trivance of ſeveral very uſeful Inſtruments and Machines, ſome 
— which I will exhibit here, and others in the Sequel of this 

ork. 

g. We have ſhewn in the laſt Araotation that the Preſſure 
of the Air, in its State of Mean Gone, will ſupport a Co- 
lamn of Quickſilver to the Altitude of 29+ Inches; and in 
Aust. LXIII.) it was ſhewn that the ſpecific Gravity of Mer- 
cury was to that of Water, as 14 to 1 nearly; therefore the 
faid Mean Preſſure of Air will ſuſtain a Column of Water to 
the Height of 14 x 29,5 = 413 Inches = 34 Feet 5 Inches. 
But fince Mercury is not quite 14 Times as heavy as Water, 
we may take 400 Inches for the Meaſure of the Mean Gra- 
vity of the Air on Water, and 29,5 for Mercury; and then 
we ſhall have DC: DE:: P: 29,5 in Mercury; or DC: DE: 
P: 400, in Water; conſequently 40&DC= DE x P. 

9. Again, let the Standard Altitude of Mercury or Water 
be H= 29,5 or 400, and Jet the Altitude FG = 6b; then i 


mined; 
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mined; for by Experiment we find the Length 
of a Column of Air 72 Feet high is equal in 
Weight to ane Inch of Water of the fame Baſe : 
Hence the Denſity of Air is to that of Water as 
x to 864. It is alſo found by Experiment, that 
the Weight of a Column of Air the Height of 


will P HA, and then the above Equation will give this 
Analogy ; As S: :: HI: H, whence S:S—5::H:5, 
or DE: EC:: H: %; conſequently, by having DE or CE 
given, you know the Altitude += FG. Thus for Exam- 
ple: Let DC = 10 Inches, it is required to find what Altitude 
of Water F G will by its Preſſure raiſe the Surface at C one 
Inch? Here CE=1, DE =, and H= 400: Then DE: 
CE H: 5, that is, 9:1::400: 44,4; or FG = 445 In- 
ches nearly, or 3 Feet 8 Inches. Thus again, Query the 
Altitude F G that ſhall raiſe the Surface C 9g Inches, or 
of the Whole? Say, As 1:9:: 400: 3600 FG, or 300 
Feet. Thus the Altitudes are found for every tenth Part of 
the whole Space D C, as in the following Table. 


Feet. Inches. Feet. Inches. 
1— 3 8 6 — 50 © + 
2— 8 4 1— 72 9 
3— 14 3 6 198: 4 
4 — 22 1 9 — 300 © 
Fer 9— 633 1 


10. Hence is deduced the Nature and Structure of the 
Sg Ga, invented by Dr. Hales, and Dr. Deſaguliers; 
whoſe Deſcription thereof I ſhall here give. AB is the Gage- Pl. XXIX. 
Bottle, in which is cemented the Gage Tube Ff in the Braſs- 
Cap at G. The upper End of the Tube F is hermetically 
ſeal'd or cloſed; the open lower End f is immerſed in Mer- 
cury C, on which ſwims a {mall Thickneſs or Surface of 
Treacle. On the Top of the Bottle is ſcrew'd on a Tube 
of Braſs H G, pierced with ſeveral Holes to admit the Wa- 
ter into the Bottle AB. The Body K is a Weight hanging 
by its Shank L, in a Socket N, with a Natch on ane Side 
at n, in which is forced the Catch / of the Spring S, and 

g thro' the Hole L in the Shank of the Weight K, pre- 
vents its falling out when once hung on. On the Top, in 
the upper Part of the Braſs Tube at H, is fix d a large empty 
Ball, or full-blown Bladder F, which muſt not be ſo E 
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the Atmoſphere will be equal to the Weight of a 
Column of Water of the ſame Baſe, and 32 Feet, or 
384 Inches high: Wherefore 864 multiplied by 3 84 


will produce 331776 Inches, or a little above 5 
Miles, for the Height of the Atmoſphere, were 


the Denſity every where the ſame as at the Earth. 


A to ſink the Whole under 


11. The Inſtrament, thus conſtrufted, is uſed * the fol- 
lowing Manner. The Weight K being hung on, A- 
is let fall into deep Water, and ſinks to the Bottom 
Socket N is ſomewhat longer than the Shank L, and there - 
fore, after the Weight K comes to. the Bottom, the Gage 
will continue to deſcend, till the lower Part of the Socket 
ſtrikes againſt the Weight; this gives "Wark to the Catch to 
fly out of the Hole L, and let go the Weight K; when this 
45 76 the Ball or Bladder I inftantly buoys up the Gage to. 
the Top of the Water. 
hile the Gage is under Water, the Water havi 

free Acceſ to the Treacle and Mercury in the Bottle will 
by its Preſſure force it up into the Tube Ff, and the Height 
to which it has been forced by the greateſt Preflure, vx. that 
at the Bottom, will be fhewn by the Mark i in the Tube which 
the Treacle leaves behind it, and which is the only Uſe of 
the Treacle. This ſhews into what Space the whole Air in 
the Tube Ff is compreſs'd; and conſequently, by the Rule 
(n Article 9.) the Height or Depth of the Water, which 
x det that Compreſſion, which is the Thing 


4 If the Gage-Tube Pf be of Glaſs, a Scale mi he 
be drawn on it with the Point of a Diamond, toni bs 
Inſpection, what Hei ht the Water ſtands above the Bottom, 
which Scale is made ode Sanborn bs the fo = Ta- 
ble, where the Diviſion 22 be get for Hu arts, 
as well as Tenths, But the Len 2 10 1 
ficient for fathoming Depths at ſinge it appears by the 
Table that when 210 e Air in fuch 2 Length of Tube is 
compreſs'd into half an Inch, the Depth of Water is not 


more than 634 Feet, which is not half a Quarterof a Mile. - 


14. If to remedy this we make uſe of a Tube 50 Inches 
long, which for * may be a Muſket-Barrel, and ſup- 


But 
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Bur ſince the Denſity of the Air decreaſes with 
the Preſſure, it will be more rarefied and expand- 
ed the higher we go; and by this means the 
Altitude of the Atmoſphere becomes indefinite, 
and terminates in pure Zther. But though we 
cannot aſſign the real Altitude of the Atmoſphere, 


poſe the Air compreſs'd into an 10o0dth Part, or an Inch: 
then by ſaying, As 1 : 99 :: 400: 39600 Inches, or 3300 
Feet; even this is but little more than half a Mile, or 2640 
Feet. But ſince tis reaſonable to ſuppoſe the Cavities of 
Sea bear ſome Proportion to the mountainous Parts of Land, 
ſome of which are more than three Miles above the Earth's 
Surface; therefore to explore ſuch great Depths, the Doctor 
contrived a new Form for his Sea-Gage, or rather for the 
Gage-Tybe in it, as follows. BCDF is a hollow metalline 
Globe, communicating on the Top with a long Tube AB, 
whoſe Capacity is 3 Part of that of the Globe. the lower 
Part, at D, it has alſo a ſhort Tuhe DE, to ſtand in the Mer- 
cury and Treacle. The Air contain'd in this compound Gage. 
Tube is compreſs'd þy the Water, as before ; but the 

of Compreſſion, or Height to which the Treacle has been 


to anſwer that End, a ſlender Rod of Metal or Wood, with 
2 Knob on the Top, muſt be thruſt up to the Top of the 
Tube AB, which will receive the Mark of the Treacle, and 
ſhew it when taken que. n | 
15. If the Tube AB be 50 Inches long, and of ſuch a 
Bore as that every Inch in Length ſhould be a Cubic Inch of 
Air, and the Contents of the Globe and Tube together 500 
Cubic Inches; then, when the Air is compreſs'd within a 
100dth Part of the Whole, it is evident the Treacle will not 
approach nearer than 5 Inches of the Top of the Tube, 
which will agree to the Depth of 3300 Feet of Water, as 
above. Twice this Depth will compreſs the Air into half 
that Space nearly, wiz. 25 Inches, which correſponds to 6600 
Feet, which is a Mile and a Quarter, Again, half that Space, 
or 14 Inch, will ſhew double the former Depth, wiz. 13200 
cet, or two Miles and a half; which is ly very nearly 
the greateſt Depth of the Sea. f N 
10. A Gage of this Kind may be of very great Uſe in 


unn arifing from Freezing may be accurately tried : Let a'Bomb 


forced, cannot here be ſeen through. the Tube : Therefore” 


3 


r. xxx. 


Fig. 6 


many other Caſes. Thus the prodigious Force of Comprel: - 


. 
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it is certain from Obſervation and Experiment, 
that 45 or 5o Miles is the utmoſt Height where 


the Denſity is ſufficient lo refratt a Ray of Light ; 
and therefore that may be eſteem'd the Altitude 


of caſt Iron fix or eight Inches Diameter, and about one Inch 
thick, be fill'd with Water; then if a ſmall Gage of this Sort 
be made and fix'd to a Stick, which is to be ſet upright in the 
Middle of the Bomb, ſo that the Gage- Bottle may be in the 
central Part; and if then the Hole of the Bomb be faſt ſcrew'd 
up, and the Bomb cover'd over with a freezing Mixture (which 
is made of equal Quantities of Salt and Snow, or pounded Ice) 
in a little Time the Water will begin to freeze all round the 
Inſide of the Bomb, — by — Expanſion will produce 2 
ter Force upon the Water, a er Degree of Com- 
T on of the Air of courſe, than 2 other Means yet 
wn: And this may be continued till it ſhall burſt the Bomb, 
when the Gage taken out of the globular Shell of Ice (for 
the Water will be frozen only on the Outſide) will ſhew the 
exact tity of this Force of Compreſſion. 

17. Dr. Hales (the Author of this Contrivance) actvally 
made the Experiment, but not having well ſecured the Gage, 
it was broken to pieces ; but from computing the Force ne- 
ceſſary to burſt an Iron Bomb an Inch thick, it appeared that 
this Force was about equal to 1340 Atmoſpheres, or the Preſ- 
ſure of 1340 times the Weight of 33 Feet of Water. But 
this Computation was made upon Suppoſition that the Cohe- 
fion of caſt Iron is the ſame with that of Iron-Wire ; but as 
it muſt be conſiderably leſs, ſo the Number 1340 may be di- 
miniſhed to 1000 ; and then the Air muſt be compreſs d into 

© 1000 times leſs Space than it had in its natural State, and mult 

in that Caſe have been more denſe than Water: For its Den- 

ſity then to that of common Air was as 1000 to 1; wheres 

the Denſity of Water and Air are but as 860 to 1. 

- -_ 18, After the ſame manner may be tried the Force with 

which dried Peaſe, Beans, &c. expand with Moifture, when 

- confined in a Bomb; for it mult be a very ſtrong Veſlel indeed, 

_ it has been found by Experiment they will burſt a Gun- 

el in ſwelling. In like manner alſo the elaſtic Force of 
factitious Air generated from Bodies by Fermentation may be 
eſtimated in a very nice and entertaining Manner: With many 
other Things of this Sort, which the ingenioug Reader wil 
readily excogitate of himſelt. | of 
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of the Air to the leaſt ſenſible Degree of Denſity. 

(LXXXIX ). 
Since the Gravity of the Air is ſo various, 

that at one time it will ſuſtain a Pillar of Mercury 


(LXXXIX) 1. The Denſity of the Air on one hand, and 
the Rarity on the other, are both limited: No Condenſation 
can reach ſo far as to cauſe a Penetration of Parts; the utmoſt 
Limit, therefore, of Denſity, mult be a perfect Plenum, or a 
given Quantity of Air reduced into a Space abſolutely full, 
or without any Pore; which is a Degree of Denſity that has 
not been, and probably never will be, in the Power of Art 
to effect. | 

2. On the other hand, the Rarity of the Air cannot pro- 
ceed ad infiaitum, but has its Limit from its Gravity: For 
though the Rareſaction of the Air be ſtill greater as the Diſtance 
from the Surface of the Earth increaſeth, its Spring at length 
will be ſo weaken'd, that the Force by which the Particles 
«end upwards from thoſe next below them, will be leſs than 
the Force of Gravity by which they tend downwards. The 
Rareſaction of the Air muſt therefore be bounded, where 
theſe two oppoſite Forces come to balance each other. 

3. Now though we cannot poſſibly define the Limits of the 
Atmoſphere, yet we may ſtill inveſtigate how much the Air is 
rarefied at any prapoſed Altitude above the Earth's Surface: 
For doing which, ſeveral Methods have been propoſed ; ſome 
of which are very tedious, and difficult to be underſtood. I 
ſhall h&e illuſtrate Sir //aac's Theorem for that Purpoſe, which 
is very conciſe and plain. It requires only two different Den- 
ſities of the Air, at two given Altitudes above the Earth's 
Surface, to be known, and which we eaſily obtain by Experi 
ment as follows. 
4. Take a Vial AEFB, fill'd two Thirds full of Water to 
CD; in which let a long Tube IG (open at both Ends) be 
immerſed, and c}oſely cemented to the Vial at AB, fo that 
none of the included Air may eſcape. This done, blow a 
little Air through the Tube into the Vial, which increaſing 
the Spring of the contained Air, will cauſe it to raiſe and fup; 
port a Column of Water in the Tube, to ſuch a Height H, 
that its Weight, together with that of a Column of Air preſ- 
ſing on its Surface H, is equivalent to the increaſed Spring of 
the confined Air, {7h | 

5- The Vial and Tube thus prepared are to be carried 


to the Top of a Tower, Mountain, or ſome high Place; 
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31 Inches high, when at another it will raiſe it 
but to the Height of 28 Inches, in the Barg- 
meter; it follows, that we may take 294 Inches of 


in the Aſcent, ſince the Column of Air preſſing on the Water 
at H is conſtantly ſhorten'd, ſo its Force of Preſſure will be 
diminiſhed. The Spring of the Air in the Vial will therefore 
keep the Column of W Water — riſing in the Tube; ſo 
that when you have eſcended the eight 57 NN. 72 Feet, 
the Water in the Tube will haye riſen from H to L, through 
the Space of one Inch; and fo in Proportion for any other 
Altitude, as I have ſeveral times found by trying the Experi- 
ment. 

6. From hence it appears, that the Altitude of one 
Inch of Water is equivalent to the Altitude of 72 Feet, or 
864 Inches of Air; and therefore the ſpecific Gravity of 
Air is to that of Water as 1 to 864, or, as Sir 1ſaac has 
ſtated it, 860. Now fince W ny of Water is 
to that of Mercury as 1 to 14, refore the ſpecific Gravity 
of Air to that of Mercury will be as 1 to 860 x 14 = 12040 3 
and fince the Height of Mercury ſupported by the Air in the 
Barometer is 2,5 Feet; if we ſay, As 1: 12040 :: 2,5: 2,5 x 
12040 = 30100 Feet, which would be the Height of the 
Air were it every where as denſe as at the Earth, or about 

Miles. 

”_ But fince the Air is not uniformly denſe, we muſt ſeek 
its Height by another Method to be taught by and by. In the 
mean time, as the Air's 7 conſtantly decreaſes, we ſhall 
ſhew how to find the Ratio of its Denſity at any Altitude to 
that at the Earth's Surface, Thus, fince the Denfities are as 
the compreſſing Force, which is as the Altitude of the incum- 
bent mn of Air, and fince the Weight of Mercury is to 
Water as 1 to 14, it is plain that the Air which ſupports a 
Column of Mercuy 2,33 Feet, will ſuſtain a Column of Wa- 
ter to the Height of 33 Feet. The Denſity on the Earth'3 
Surface then is as 33. 

8. Again; it is evident, fince 860 Feet Altitude of Air is 
equal in eight to 1 of Water, therefore at the Height of 860 
Feet above the Earth, the Air (continuing in the State) 
would ſuſtain only 32 Feet of Water. At the Height there- 
fore of 860 Feet, the Denſity of the Air is as 32. 

9. Hence the Deny at any other Altitude is eaſily found 
by the Hyperbola /i h, and its Aſymptotes SF and Sz, 8 be- 
i orgs 0 '"the Earth, and A its Surface : Then the 


Mercury 


wc, *@ kk is ed wed 
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Mercury for the mean Altitude, and conſequently 
its Weight for the mean Weight of a Pillar of Air 


of the ſame Baſe. But a Column of Mercury 


Earth's Semidiameter 8 A = 4000 Miles nearly, oy 21120000 
Feet. Take AB= 860 Feet, and let the Denſity of the Air 
be required for any other Height, as AC = 7 Miles, or 
36960 Feet. In the Points A, B, C, erect the Perpendiculars 
AH, BI, CK, which let be made proportional to the Den- 
fities of the Air in the Points A, B, C; that is, let AH: BI:: 
33: 32, and AH:CK :: 33: x; and from the Points H, I, 
let fall the Perpendiculars Hz, Is. 7 

10. Then putting SA = AA , SB=a, SC=6, 


and SB: SA:: Aa: Bb ===; thus Cc ; then A a 


—B3 I and Ag e.. And put 
m:#::33:32:: AH: BI. Then, by the Nature of the 
Hyperbola, we have the Area hi as . of 
— and the Area 74 ww as the Logarithm of =; or the 


Area this : thkav:: L.= : 1.— But (by roll. to Prog; 
XXII. Lib. 2. of the Principia) it is, thiu : thkw :: Aa — 


ar ier br —rr a—r br 
Bb: A Ce : 5 3 
11. Now, becauſe a—r = AB = 860, and b — 7 — 
* 850 3825 . | m_ 
AC 2 36950, we have De 2 L. . 
L.=; whence we have L. 5731903 therefore L. = 


— L.x = 0,573190z whence L. * 0,573199= L.x = 
o, 945 324, the Number anſwering to which is 8,817 =x = 


CK, the Denſity required. Or, the Denſity at A is to the 
Denſity at C as AH to CK, or as 33 to 8,817, which is 
nearly as 4 to r. | | 


12. Since the Denſities , x, x, are defined Logarithms, it 
is evident they muſt be in a geometric Progreſſion. - But to ſhew 
theſe Things more generally: Let SC = x be a variable 
Diſtance, and its Fluxion CE A let the Denſity CK . 
the compreſſing Force in the Altitude C as v, and the Power 
ef Gravity as f. Then will the ſpecific Gravity of the Air 

N whole 
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whoſe Baſe i is one Square Inch, and Altitude 297, 


weighs about 15 4. which is equal to the Preſſure 


of Air on every Square luch; and therefore upon 


be there LY; for it will be ike Diver x whed the Gra- 
vity g is given, and as the Gravity when the Denſity is given; 
and when neither is given, it will be conjointly as both. 

13. Since the whole Weight or Preſſure of a Column of 
any homogeneous Fluid, of a uniform Denſity, is as its ſpecific 
Gravity multiplied by its Magnitude, (by Arnot. LVI. 10.) and 
if the Baſe be the ſame as the ſaid Gravity multiplied by the 
Altitude, and therefore its Fluxion as the ſpecific Grayity mul- 
tiplied by the Fluxion of the Altitude z therefore we have 
25 = —©&, becauſe the Denſity of the Air through the ve- 
ry fmall Space CE may be look'd-upon as uniform; and fince 
the Preſſure decreaſes as the Akitude x increaſes, therefore it 
is that we make the Fluxion of it negative, wiz. — . 


14. I the Grayity g be ac —, and the Denſity y a3 any 
Power nof the compreſng Force, viz. if y: vn, and there. 


1— 


fore v: * b by taking the Fluxions ve have © 5 5 
8. Tuithe Place of g-and u the Equation $9.5 a, 


127 
— — 


let their Values be ſubſtituted, and we have — » * 4 = 


— x 
— 


x 2 a . 
15. If we put 1. 3 e 
x 


compreſſing Force, we have 2 = Now, ſinee any 


antities x, a, x a, * a, in arithmetical Pro- 
e Viz. x3 


r in ue 
fon, their Fluxions Teer —* wilt be all the fame 


| or canta; therefore e J. 


that is, the Fluxions of the — Aus. as, 6 Denſities 
themſelves ; which therefore are in Geomettical Progreſhon, 
adn: tram eos Fluxions. 


0 every 


£\ 


© = Buſs „ 
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, every Square Foot it will be 216016. ; and allow- 
ing 141 Square Feet for the Surface of the Body of 
n | a middle-ſized Man, it muſt ſuſtain a Preſſure of 


7 16. If in the ſame Hypotheſis you put == i, or ſuppoſe 
the Gravity to be every where uniform, or given; then 


f 722 If now we take —= conſtant, or make 4 , 
i den will the Diſtances x be in Geometrical Progreſſion ; and 
e in that Caſe alſo we have === 1, or 5: y; whence alſo the 
: Denſities q are in Geometrical Progreſſion. | 
- J—2x 
17. The Fluent of che above Equation — . 5 = 
4 | 

be # 1 00nd 
n wares —] 
r, een 


| i= 
tity. Here, tis plain, it cannot be , for then y* = In- 
finite; nor can m== 1, becauſe then it would be xi—= x» = 
1, and ſo the Denſity y would be every where the ſame, or 


conſtant ; neither can »=1, for then) =y* =o. To 
determine the Value of Q, we muſt firſt define the Altitude 
SF, where the Denſity vaniſhes, or y = e, and call it 


« = SF; then we have Q= = a"; and hence 


1 — 
1— 4 3 1 — 1 | | * 
to be a poſitive Number, and leſs than Unity, chat while the 
Diſtances x increaſe, the Denſities y may decreaſe. 

18. If the Altitude at which the Denſity y vaniſhes 
be ſuppoſed infinite, then Q == e, and the Equation is 


— 

1 — - ; | 
= * === For if in the Equation (442.17.) 
„De, and x = Inkoite, then 

| x1” 


m1 


a—n &41— A 
we — = 0; there- 


' and ſo s&= x = Infinite, contrary to 


31320 
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31320 Pounds, or 14 Tens, when the Air is of 
a mean Gravity. This prodigious Force would 
cruſh us into a very ſmall Compaſs, were it not 


19. If now the Gravity be reciprocally as the Squares of 
1 


the Diſtance, or m = 2, we have the Equation _— 2: © 


r Ad b 3 ghneral Formule for an} 
Hypotheſis of the Ratio of the compreſſing Power and Den- 
fity. Thus, if you ſippolb the compreſigh Forcd in thb du. 
plicate Ratio of the r :V3 then y =, 


and , and therefore —— = 1; whence y will be re- 


ciprocally as x. Hence "all thoſe Caſes of Scho/ium to 
Prop. XXII, Lib. I. of the Principia are derived, and any 
others at Pleaſure, 

20. The Denſity of the Air decreaſing indefinitely, it is 
evident there is no certain Limit or Boundary of the Atmo- 
ſphere, which y rarches into pure Zther, or Aura, 
as it is often call'd. But fince one principal Effect of the Air 
is the Refraction of Light, and ſince the Particles of Li he 
are the ſmalleſt Bodies we know of in Nature, tis reaſonable 
there to fix the Boundary of what we may properly call Air. 
in the Alti where it begins to have the Power of produ- 


Like ect in Nature, wiz. the refrafting a Ray of 


_ To diſcover this Altitude of the Air we have the fol- 
| Method. Let ADF be the Surface of the Earth, 
S the Sun below the Horizon, SB a Ray of Light touching 
the Earth, which is reflected by a Particle of Air, in the high- 
eſt Part at B, in the horizontal Line BA to a Spectator at A. 
The Angle SBN i the De Mon of the Sun below the Ho- 
tizon in this Caſe,” which, becauſe it is at the Moment Twi- 


ligheends, is known from Obſervation to be about 18 De- 


grees. . But becauſe BA is alſo a Tangent; the Angle ACD 
=S$SBN = i8 Degrees; and the Angle ACB =4ACD= 
9 ; which would be true, did the Ray SB pals through 
the Atmoſphere without Refraction; but becauſe it does not 
but is refraQe4 or bent towards H, the Angle A@B mult be 
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that it is equal on every Part, and counter- 
balanced by the equal Re- action of the Spring of 
the Air within us. (XC:) 


diminiſhed by the horizontal Refraction, whith is about half à 
ee; whence the Angle ACB 8“ 30“. 

22. Therefore in the right · angled Triangle A CB we have 
all the Angles given, and one Side, (viz. AC = 4000 Miles; 
or the Semidiameter of the Earth,) to find the Side B C; 
thus, | F 
As the Sine ABC=81* 300 = 9.995203 
Is to the Side A C= 4000 = 3.602060 
So is Radius 90? = 10.000000 


To the Side BC = 4044; = 3.606857 
wherefore BC— HCS HBS a 444 Miles, the Height of the 
Atmoſphere requited. | 


(XC.) 1. Since a cubic Inch of Mercury weiglis very nicely 
$,10z. Averdupoit, a Pillar of Mercury, Whole Baſe is one 
ſquare Inth, and 


1b. oz. 
28 14 3 

Altitude 291 Inches, will weight < 14 15 > fere. 
31 Is 11 


2. So that the Air, at a Mean Gravity, is equivalent to 
the Preſſure of 15/5. upon every /quare Inch; and therefore 
upon every ſquare Foot it will be equal to 2160/6. and 2160x 
14,5 = 3132016. or 14 Tons nearly, the Weight or Preſ- 
ſure ſuſtain'd by a middle-ſized Man. When the Air is 
lighteſt, this Preſſure is 13 J Tons; and when, heavieſt, it is 
14+; Tons, the Difference is 1,1 Tons, = 246446. the 
Weight with which we are compreſs'd mote at one Time 
n another. 
3. This great Diffetence of Preſſure muſt greatly affect us 
in regard to the abimal Functions, and conſequently in re- 
ſpect to our Health. If a Petſon, for inſtance, be aſthma- 
tical, he will find his Diſorder increaſe with the Levity of the 
Air; for ſince a pure, denſe; elaſtic Air, which is very heavy; 
15 only capable to diſtend his Lungs in Reſpiration, when the 
Air is leſs comprefs'd by its diminiſh'd Weight, it will have 
leſs Elaſticity, and ſo be leſs capable of expanding the Langs; 


the Valetudinarian will therefore find his Difficulty of Breath-- 


ing increaſe in Proportion. 
Vol. II. | C Tus 
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Taz Weight of the Air is proved by a great 
Variety of curious Experiments, the principal of 
which here follow. 


| 4. Again, the Reafon why we think the Air lighteſt in fine 
| | Weather, when it is really heavieſt, is becauſe the greater 
Preſſure conſtringes and braces the Fibres and Nerves, and 
| brings them to a due Tone, by which Means all the Blood- 
Veſſels act with their full Power and natural Vigour ; hence 
a prop *: Velocity is given to the Fluids, and a greater Mo- 
mentum to overcome Obſtructions in the Capillaries ; thus by 
a briſk Circulation of the Fluids, and a due Compreſſion of 
the Solids, we find ourſelves firm and well, alert and light, 
and therefore fancy the Air is fo. 

5. Whereas, on the contrary, when this Preſſure is leſ- 
fen'd by near 25004. the Fibres are relax'd, the contractile 
Force of the Veſſels diminiſh'dza languid Circulation enſues, 
Obſtructions, Viſcidities, &c. happen, and produce Agues, 
Fevers, Aches, Cc. in ſome; and in all, a Sort of Indolence 
| or gloomy InaQtivity, and Heavineſs ; and therefore we ima- 
| gine that it reſults from the Heavineſs of the Air, when it is 
juſt the contrary. 

6. If it be required to find the Weight of the whole At- 
moſphere on the Earth's Surface, we may proceed thus: Sup- 
| poſe the Earth's Diameter in round Numbers 8000 Miles, the 
| Area of a great Circle will be 8000 x 8000 x 0,7854 = 
| 50266400 ſquare - Miles, which multiplied by 4, gives 
201065600 ſquare Miles for the Surface of the Earth; but 
becauſe we took the Diameter a little too large, we may take 
200, ooo, ooo for the Number of ſquare Miles in the 's 
Surface ; in one ſquare Mile are (5280 x 5280=) 27878400 
ſquare Feet, therefore on the Earth's Surface we have 
55756800000000c00 ſquare Feet, which multiplied by 2160 
(the Preſſure on each ſquare Foot, Article 2.) gives 

| 120434688000000000004bs. for the whole Prefſure. N. B. 

| Since 2240/4. make a Ton, the Preſſure 21604. upon a 
; ſquare Foot, is very near a Ton Weight. | 

7. I ſhall now preſent the Reader with a Solution of a very 

Pl. XXX. curious Problem, viz. To find the Thickneſs FH of an hollow 

Fig. 3. Ball or Globe F DME, made of any given Metal, &c. whoſe 


— — QF a 


ſpecific Gravity is known, ſuch that it ſhall ſuim immerſed in 
part or wholly in any homogeneous Fluid, <uhoſe ſpecific Gravity 
i alſo known, Let AB be the Surface of the Fluid, and let 
the Globe FDE ſwim zherein, immęrſed to the Depth LM; 


(..) By 
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(J.) By actually weighing it in a nice Balance; 
where we ſhall ſee that one Gallon of Air will 
weigh a Dram very nearly. (2.) By filling a 
Glaſs Tube with Mercury, and inverting it in a 
Baſon of the ſame Fluid, where it will appear 
that a' Column will be ſupported in the Tube by 
the ſole Weight or Preſſure of the Air, to up- 
wards the Height of 28 Inches. (3.) By taking 
the Air off from the Surface of the Quickſilver 
in the Gage of the Air-Pump, which then im- 
mediately riſes by the Preſſure of the external Air. 
(J.) By exhauſting a Receiver placed over the 
Hole of the Braſs Plate on the Pump, which will 
then be kept faſt on by the Preſſure of the in- 
cumbent Air. Or, (5.) More demonſtratively 
by exhauſting a ſmall Receiver under one larger, 


and letting in the Air at once upon it; which will 


then be faſten'd to the Plate, as before, though not 


and let the ſpecific Gravity of the Metal be to that of the 
Liquor as 1 to 12. 
8. Then putting the Diameter FM=D, HN= 


LM = x;twe have the 55 Shell * to the Sphere 


pDx* 


e 
e 
Yo!. 17 Ss F- 
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ment of the Liquor DME, is * oo As Artes Ct- 


of an Equilibrium between theſe Ge, we have $3 
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ye; | 5—4 
44 5 415 — 


te Thicke ofthe Shell eqn 487 | 
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5 1:1. Whence we ſhall get 2 
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placed over the Hole. (6. ) By placing the Hand 
on the open Receiver, and exhauſting, the Weight 
of the Air on the Hand will be extremely ſenſible. 
(.) By placing a plain Piece of Glaſs on the ſaid 
open Receiver, which, when the Air is a little 
exhauſted, will be broke into Picces by the Weight 
of the Air. (8.) A Bladder tied over the ſame 
Glaſs will be broke in the ſame manner. (9.) 
The Air exhauſted from a thin Bottle under a 


Receiver, and then ſuddenly let in, will, by its 


Weight, inſtantly reduce it to very ſmall Pieces. 
(10.) A Bottle broke by the ſame means another 
way. (11.) By putting a Piece of Wood under 
Quickſilver in the Receiver, and then exhauſting 
the Air, and letting it in again, it will by its 
Weight force the Quickſilver into the Pores of the 
Wood, and very ſenſibly increaſe its Weight, 
(12.) The exhauſted Braſs Hemiſpheres prove not 


9. If we ſuppoſe the Body to ſwim in the Fluid wholly im- 


merſed, then x = D, and = D* x 1 —»=D V 1—z. 
Now admit F BE be a Sphere of Copper 10 Feet in Dia- 
meter, and that the fluid Medium be Air, whoſe fpecific 
W e e eee 
and therefore 1-2 = 12 7639, 
— 7640 

and pecaue D = 10 Feet, or 120 Inches, WE. 2 


120 N EY = 4= 119,992 ; and fo 2 * = 0,004= 


76 
FH, the Thickneſs of the Metal requilts for the Globe to 
ſwim in Air. 

10, But in order to this, one more is neceſſary, 
iz. that the b A ye the Glole ig pure Void or Vacuum; 
for if it be fill'd with Air only, the Globe will fink in the 
Air, be it ever ſo thin; becauſe in that Caſe it muſt be bea- 
yier han an equal Bulk or Globe of Air, Hence we ſee how 


only 
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only the prodigioys Weight of the Air, but alſo 
the Quantity thereof very exactly. (13.) By 
exhauſting Glaſs Bubbles ſwimming in Water, 
and letting the Air in again, it will force the 
Water into the Bubbles, and make them ſink. 
(14.) The Syringe with its Weight deſcending in 
Vacuo, and aſcending again upon the Admiſſion 
of Air, does very prettily prove the Preſſure of 
the Air, and the Rationale of Syringes in general, 
(XCI). | 


impoſſible a Thing is that Aerial Navigation, which Franci/- 

cus de Lanis and other Miracle-Mongers have amuſed us with, 

before true Philoſophy appear'd to deliver us from thoſe vain 

2 and fruitleſs Attempts that may be gronnded 
ereon. 


(XC) 1. I ſhall here give the Rationale of the ſeveral Phe. 
nomena of the Experiments on the Air-Pump, as they are 
ſhewn in the Order of my Lectures on this Subject. The 


Firft of which is, to hem the Abſolute Weight of the Air by 


weighing it in a Balance; of which we have already given an 
Account in Annot. LXXXVII. 2. 

2. The Second is, fixing a ſmall Receiver on the Plate of 
the Air-Pump, by exhauſting the Air out of it. The Reaſon 
of which is, that the Freſſare of the Air acts now alone on 
the Outſide of the Glaſs, and perpendicularly on its Top, and 
preſſes it down with a Force equal to ſo many times 15 16. as 
there are Square Inches in the Top of the Glaſs, or in the 
largeſt horizontal Section of it. The Spring of the Air, 
(which is always equipollent to the Preſſure) being now taken 
away from within the ſaid Receiver, will leave it to ſuſtain the 
entire Force of Preſſure, which will therefore fix it faſt down 


to the Plate. |; 

3. The Third iment fixes the Glaſs firmly on the Plate, 
mt, as before, over the Hole, but on one Side of it. This is to 
undeceive People in to the common erroneous Notion 


of a Sufion, which they ſuppoſe is ſomething within · ſide of 


the Glaſs that draws it down as the Air paſſes out —_— 
Hole. But when they ſee the Glaſs placed on one fi 6g 
Hole under a Receiver, and that as the Air is drawn out of 


C 3 Tuar 


37 


— — —— — — — — 


. . dee SEN oy Ae i es ed 


8. 


PRXNEUMATICS, 


Trar Water riſes in Pumps, Syphon s, and all 
Kinds of Vater-Exgines, by the Preſſure of the 
Air only, is made evident by taking off the ſaid 
Preſſure (in the exhauſted Receiver) from a Ba- 
ſon of Mercury, which then will not riſe in the 
Pipe of the Syringe on drawing upthe Piſton, as 
It will in the open Air. 


the Receiver it will by its Spring all eſcape from under the 
Glaſs at the ſame time, and then when the Air is let into the 
Receiver all at once, it falls on the little Glaſs, and fixes it 
down in ſuch manner that it is plainly ſeen to fink into the 
Leather upon the Plate; I fay, -when all this is ſeen and con- 
fider'd, it n that yulgar Error, and ſets the 
Truth in a clear Light. 

4. The Feurth Experiment fixes a Perſon's Hand on the Tep 
of an open Receiver. This is done by the Preſſure of the Air 
on the Top or Back of the Hand, when the Spring of the 
Air is wanting within the Receiver to counter- act it. This 
great Preſſure is very ſenſible to the Hand, though not hurt- 
ful ; and the Skin and Fleſh is viſibly preſs'd down between 
the Metacarpal Bones. The Spring of the Air in the Hand 
at the ſame time exerts itfelf, by extending the Skin and Fleſh 
of the Part of the Hand on the Glaſs as far down as poſlible, 
by which means the Blood flows thither in great Quantity, as 
in Cupping, and makes the Part look very red. If the Area 
of the Top of the Receiver be 4 Square Inches, the Hand 
will be prefs'd or kept on by a Weight to 6065. 

5. The Fifth Experiment is "fixing the Braſs H:miſpheres to- 
gether by the Preſſure of the external Air, in ſuch manner as to 
require two fliroig Men to pull them afunder, This is done bey 
exhauſting che Nirfrom their Cavity, and thereby taking away 
the Spring, leaving the Prefſure to aft alone, If the Dia- 
meter of the Hemiſpheres be 4 Inches, the Area will be 
12,556 Square Inches, which multiplied by 1 5 gives 188, 3 lb. 
by which they are compreſs d together. 2 

6. The Sixh Experiment /5:4u5 the Spring of the Air throw: 
ing the Air cit of a Glaſs-Bubble through the Water in whith it 
is placed, in Form of lurge round Bubbles of Air. This is done 
% taking the Preſſure of the Air off the Surface of the Wa- 
ter in the Jar under the Receiver; and by that means the 


Sing of the Air, having nothing to counter-act or confine 


- A | * 
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THz Sprinc of the Air is demonſtrable by va- 
rious Experiments: As, (1.) By the great Ex- 
panſion of a ſmall Quantity of Air in an emptied 
Bladder, when the Air is taken off from the ex- 
ternal Parts in the Receiver. (2.) By the Ex- 
truſion of a Fluid out of a Glaſs Bubble, by the 
Expanſion of the Bubble of Air contain'd therein, 


Bubble, and from all Parts of the Water, in very ſmall Glo- 


bules riſing up to the Top; whence, by the way, it will ap- 
pear, that Water is a very porous Body, and all its Interſtices 
poſſeſs'd by Air, which is now expanded into viſible Volumes 
or Globules, and ſeen to make its Eſcape. 

7. The Seventh Experiment is but a Part of the former, 
and ſhews, that wpon letting the Air again into the Receiver, it 
| falls on the Surface of the Water, and by that means compreſſes 
the whole Body of Water, and drives Part of it into the eva- 
cuated Glaſi-Bubble, which then becomes heavier than Water, 
and ſinks to the Bottom. As there is but very little Air left in 
the Bubble, its Spring will be very weak, and fo will yield to 
the Force of the external Air compreſſing the Water, and 
therefore will give the Water Admittance till it becomes ſo 
far compreſs'd as to have a Spring equal to that of the outward 
Air, or to that wich was in the Bubble at firſt. Its Denſity 
will then be the ſamealſo; and its Bulk, compared with the 
whole Bulk of the Bubble, will ſhew what Part of the whole 
Quantity of Air remained after Exhauſtion. | . 

8. The Ejghtb Experiment fews that the ſame Bubble, 
Placed with its Neck upon a hollow Glaſs over a ſmall Baſon, 
under the Receiver, wpon exhauſling the Air the fmall Quantity 
of Air in the Bubble will again expand itſelf, and drive out all 
the Water. The Preſſure of the Air, which before kept the 


Water in the Bubble, being now taken away, the Spring of 


the Air in the Crown of the Bubble gradually exerts itſelf, and 
at laſt expels all the Water. From this Experiment it plain- 
ly appears, that the Spring of the Air is equal to the Preſſure, 
becauſe the Spring drives out all the Water which the Preſ- 
{ure forced into the Bubble. 

9. The Ninth Experiment is the Expulſion of the Contents of 
en Egg through a ſmall Hole in the little End by the Spring of the 
Air contain d in the great End of the Egg. While the Egg is 

new and good, there is always a ſmall Quantity of Air con- 
in 'd in the great End between the Shell and the Skin or- 
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(39 By the Expulſion of the White and Tolk of 


an Egg through a fmall Hole in the little End, 
by the Expanſion of the Air contained in the great 
End; and alſo, (4.) By raiſing up the Skin of the 
Egg (after the Yolk is taken away, and one half 
of the Shell) by the Expanſion of the ſaid inclu- 
ded Bubble of Air, ſo as almoſt to fill the Half- 


tamen, which, upon taking off the Preſſure of the Air from 
the Hole, will expand itſelf, and drive out the Hite and NT 
through the ſaid Hole in the little End. 

10. The Tenth Experiment frews, that auben haf the Shell 
of the Egg thus emptied is taken eff, the ſaid Bubble of Air will, 
upon E xhauſtion, ſo expand itfclf by its Spring as to raiſe up the 
Skin of the Egg, and throw it ſa far out as to make the Reſom- 
blance of the entire Egg. This will happen only when the Egg 
is quite new; for as the Egg grows ſtale, the Air will loſe us 
Spring by 3 and the Egg will become putrid or addle. 
It is obſerved by Naturaliſts, that this included Bubble of Air 
is abſolutely neceſſary for the Production and Maturation of 
the Chick, which is effected by the Warmth and Fermenta- 
tion occaſion d by the conſtant Incubation of the Hen. 

11. The Eleven Experiment it to few the great Quantity 
| Gary contain'd in all ſolid Badies. For when a Piece of Braſs, 
Iron, Stone, c. is put into the Water of a Jar under the Ro- 
ceiver, and the Air drawn out, the Spring of the Air con- 
tain'd in the Pores of thoſe ſolid Bodies, will, by expanding 
the Particles, cauſe them to appear on the Surface in number- 
leſs Globules, and exhibit a curious Spectacle to the Eye, like 
the pearly Drops of Dew on the Piles of Graſs ; all which 
ſuddenly diſappear by letting the Air in again. 

12. The T3uelfth Experiment Saut, that a Piece of Cark 


with a Weight add:d to it, to make it juſt fink in the Water, 


will be raiſed to the Top, or made to froim, by exhauſting the 

Air. For the Bubbles of Air which are expanded from its 

Pores, and adhering to its Surface, render it lightgr than Wa- 

* in which Caſe it muſt neceſſarily riſe to the Top, or 
wim. 


13. The Thirteenth Experiment fhews, that Glaſi-Inaget 


and Bubbles, "which fink in Water, abill, ou exhauſting the Re- 


2 riſe to the Top and fivim. For the Bodies of theſe 


Images, Sc. being hollow, are fill'd ſo far with Water as to 
c them juſt fink; and the reſt of the Cavity being poſ- 


Shell, 
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Shell. (s.) Glaſs Bubbles and Images fill'd with 
Water, ſo as to make them juſt ſink in Water, 
will, upon exhauſting the Air from the Surface, 
riſe to the Top of the Veſſel. (6.) Alſo a Blad- 
der fill'd with Air, and juſt made to fink with a 
Weight, will, upon-Exhauſtion, ſoon riſe-by the 
Expanſion of the contain'd Air, (7.) The Spring 


{eſſed of Air, this Air will, upon taking off the Preſſure of 
the external Air, exert its Spring, and drive out the Water 
from the Images and Bubbles ; they then become lighter than 
the Water, and- riſe to the Top. When the Air is let in 
again, the Water re: enters their Bodies, and they fink down 
EF The Fourteenth Experiment /bews, that @ Bladder nears 
ly emptied of Air, and ſunk with a Weaght to the Bottom of @ 
Jar of Water, will, upon Exhauſtion, riſe to the Top and ſwim. 
he Reaſon of which is, that when the Preſſure of the ex- 
ternal Air is taken off, the Spring of the little incloſed Air 
will dilate and expand the Bladder to its full Bulk ; and then 
the Quantity of Water equal to its Bulk will be heavier than 
the Weight and Bladder, and ſo will buoy them up to the Top, 
according to the Laws of Hydroftatics, 7 ſee, — 
15. The Fiſteentb Experiment raiſes Beer ar Ale into a (+ 
white Head —_— to the Top of the Far. This happens on 
account of the great Tenacity of the Fluid 3 for when the 
Preſſure of the Air is taken off, the Air in the Beer | 
itſelf into large Globules, to which the Particles of Beer ad- 
hering on every Side render them too heavy to riſe from the 
Surface, and fly away in the Air. The Bubbles of Air being 
thus raiſed are, as it were, conglutinated or ſtyck together by 
the adheſive Quality of the Liquor; and thus riſe in great 
Quantities, the upper Part being raiſed and ſuſtain'd by the 
Expanſion of that below. When the Air is let in, the Air- 
Bubbles contract, ſubſide, and retire within the Pores of the 
Fluid, 1 the ſame Manner Soap-Water, Yeaſt, Ic. will riſe 


in a H | | 

16. The Sixteenth Experiment © — ting the Phanomena 
of Boiling Water in the exhauſted Receiver. To this End the 
Water muſt be as hot as the Finger can well bear when pac 
under the Receiver. Upon exhauſting, the Air- Bubbles will 


be ſeen to riſe very ſoon, and at firſt very ſmall ; they ſoon, 
#pPcar bigger, and at laſt are ſo large, and rife with ſuch 11 
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of the Air will ſhew itſelf alſo by raiſing hea- 
vy Weights laid on a Bladder, half fill'd with 
Air, in a proper Veſſel under the Receiver. 
(8.) Beer, Cyder, Water, and porous Bodies, do 
emit great Quantities of Air under the exhauſted 
Receiver. (g.) Fiſhes are made ſo light cr 
buoyant by increaſing the Spring of the Air in 


pidity, as greatly to agitate the Water, and cauſe it to appear 
in all the Circumftances of Boiling ; which Agitation of the 
Water will continue till the Air be Jet in un, and then it 
will ceaſe, and all will be quiet and ſtill as at firſt. Some Peo- 
ple imagine the Water grows hotter by boiling under the Re- 
ceiver, as it dues over the Fire; not conſidering that Water 
boils only by the great Expanſion and Rare faction of the Air 
it contains, from whatever Cauſe it proceeds, as from the Heat 
of Fire, from taking off the Preſſure of the Atmoſpbere by 
the Air-Pump, G&c. ' Lens "ov 
17. The Seventienth Experiment t, that a frivel d Apr 
ple «ill be plumy'd out, and made ts ok fair, wnder the exhauf!- 
ei Ricerver: The Reafon of Which is the Expanſion of the 
Air in the Subſtance of the Apple, when the Preſſure is taken 
off from its Surface ; for though ſome Parts of the Skin be 
Pervious to the included Air, (as appears by the little Streams 
riſing from the Pores if the Apple be placed in Water) yet 
the greateſt Part of the Surface is not, and will not therefore 
ſuffer the Air to paſs out, but will yield and expand to its ut- 
— — {and ſometimes burſt) on Which all the 
riti appear, and the A ts on a youthful Face, 
till the Air be again let in, 7 — returns to its for- 
mer State of Decay and ſhrivel'd Coumenance. | 
18. The. Zight:enth Experiment exhibits the beautiful A5. 
-prarance of Air ri rom all Parts of a wegetable Subſftanct 
very coptoufly * FA Water in Fall Ln pure the Prel- 
ſure of che ineumbent Air is taken off, the Spring of the 
Air, contain 'd in the Air-Veſſeks of Plants, will, by expand. 
ing the Particles, cauſe them to riſe from the Ar * 
the Veſſels, and chat for a long time together, by Which i 
ſhewn what a great Quantity of Air is contain'd in all vege- 
table gubſtances; and ſince it is ſeen to come out of the Sides 
or all over the Surface of a Piece of Stick, as well as fron 
its tranſverſe Sections, it is a*convincing Proof, that the Ter 
ture oſ the Stems of Plants and Trees conſiſts TV 5 
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their Bladders, upon Exhauſtion, that they riſe to 
the Top of the Water, and cannot again deſcend 
to the Bottom. (10. ) Shrivel'd Apples are made 
to look fair and ſmooth by the Spring of the con- 
tain'd Air filling out the Wrinkles. *(41;): The 
Spring of the Air in a ſquare» Bottle, cemented 
cloſe, will immediately burſt it in pieces, upon 


longitudinal and alſo in an horizontal Poſition 

6! Welty - RIA way” 7 
ing a vegetable Subſtance awith Quickſilver. Thus if a Piece 
of Stick be cut even at each End with a Penkmfe, and im- 
merſed in Mercury, upon pumping out the Air from the Re- 
ceiver it will at the ſame time come out of the Pores of the 
Wood h the Mercury, as will be viſible at each End. 
When the Air is let in again, it falls on the Surſace of the 
Mercury, and forces it into the Pores of the Wood to poſſeſs 
the Place of Air. When the Wood is taken out and weigh d, 
it will be found ſeveral times heavier than before ; it will have 
changed its Colour, being now of a blueiſh Hue all over; 
and, if ſplit or cut tranſverſely, the Quickſilver will be ſeen 
glittering in all its Pores, and through every Part. 

20. The Twentieth Experiment is the breaking of a Bladder 
by the Weight of the Air. For if the Bladder be tied over one 
End of an open Receiver, as the Air is exhauſting the Spring 
will be weaken'd, and give way to the Preſſure of the Air on 
the Bladder, in which Caſe the Bladder will put on a concave 
Figure, which will be nicely ſpherical ; and this will conti- 
nue increaſing, till the Strength of the Bladder be overcome 
by the — When it will break with a very great 3 

21, The Twenty-firft Experiment # t aking a Gla 
Bottle by the — Air. For this Purpoſe the Bottle 
ought to be of a ſquare Form, and not cylindrical or globu- 
lar; it ſhould alſo be not very thick, if ſmall. Then the 
Bottle is ſcrew'd on to the Hole in the Plate of the Pump, 
and the Air drawn out; by this means the Bottle ſuſtains the 
Preſſure” from without, ſo long as its Strength will permit; 
then the Parts yield, and the Bottle is inſtantly reduced inte 
very ſmall Pieces. 

22. The Twenty: ſecam Experiment breaks a Bottle by the 
Spring of the' Air. For the Mouth of the Bottle being ſe- 
curely feal'd up, fo that no Air from within can eſcape, it is 
fat under the Receiver; and as the Air is drawn off from ing 

95 exhauſting 


PN EUMATTcCs. 


exhauſting the incumbent Air. (1 2.) But that 
curious Experiment which ſhews the Force of the 
Spring of the Air to be equal to its Weight 
or Preſſure, is by raiſing the Mercury, by the 
Expanſion of a ſmall Quantity of confined Air, 
to the ſame Height in an exhauſted Tube above 
the Pump, as that which it is raiſed to in the 


Surface, the Spring of the Air included will take place, and 
att more and more forcibly againſt the Sides of the Glaſs, 
which having now nothing but its own Strength to defend it, 
as ſoon as that is overcome the Parts give way, and the Glaſ 
1s burſt in pieces. 52 
23. The Twenty-third Experiment is to Hh, that a Blad- 
der being emptied of its Air, all to a very little, and then /u/- 
fended in the Receiver, the little Portion of Air will expand it/elf 
in ſuch manner upon Exhauſtion, that at laft it will diſtend and 
fill out the Bladder to its utmoſt Bulk, and make it appear as one 
Jull-blown. The Reaſon of which is apparent from what bas 
been ſo often repeated above; as alſo, of its contracting 
again when the Air is let in. 
24. The Twerty-foxrth Experiment fexvs, that the Syringe 
ewill deſcend from the fu Piſton in Vacuo, when the Hole 
at bottem is ſtopp d, and a ſmall Weight added to evercome the 
Friction. the Hole be ſtopp'd in the open Air, and the 
Piſton drawn up, it will be reſiſted by the Preſſure of the in- 
cumbent Column of Air; but in Yacuos, where this Air is 
taken away, the Piſton may freely riſe ; or, which is all one, 
the Syringe may deſcend; as it will, if a ſmall Weight be 
added to overcome the Friction of the Piſton. When the 
Air is let in again, it will be ſeen to puſh up the Syringe upon 
the Piſton again. | | 
25. The Twenty-fifth Experiment fews, that Water ri/e! 
in Pumps, and Quickfirver in the Barometer, by the Preſſure of 
the Air only. For a Glaſs Tube being ſcrew d on to the above- 
mention'd Syringe, and immerſed in the Mercury in the open 
Air, if the Piſton be then lifted up, it will attenuate the Air 
contained in the Glaſs Tube, by giving ita greater Space to 
expand in, and by this means leben its Sprin The Preſſure 
then of the external Air will raiſe ſo much non into the 
Tube, as its Weight added to that of the Spring of the in- 
dCluded Air is an equipollent: Force, and then an Equilibrium 
will enſue: But if the Mercury be placed under the exhauli- 
| £* | Mercurial 
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Mercurial Gage by the Preſſure of the Atmo- 
ſphere below it. it | 
Tux great Action of animal Life, viz. Breath- 
ing, by inſpiration and Expiration of Air, is ow- 
ing to the Preſſure and Spring of the Air conjoint- 
ly, as is evident by the Contraction and Expan- 
ion of a Bladder in a ſmall Receiver, with a Blad- 


ed Receiver, and the Piſton lifted up, no Mercury will then 
be ſeen to riſe ; which plainly ſhews the Cauſe, viz. the Air's 
Preflure is in that Caſe taken away. ' 0 

26. The Twwenty-fixth Experiment heut, that the String 
of the Air has a Forct equal to the Preſſure of the Air, by raiſing 
the Duickfilver to the ſame Height. For if a Tube open at 
both Ends be cemented into a Glaſs Vial, nearly fill'd with 
Quickſilver, and placed under the exhauſted Receiver, as the 
Air is gradually exhauſted you will ſee the Mercury riſe from 
the Vial into the Tube above the Pump, by the Spring of 
the included Air, to the ſame Height as it is in the Gage-Tube 
below by the Preſſure, and that during the whole Time of 
the Exhauſtion. And this will always happen, let the Quan- 
— of Air in the Vial be ever ſo ſmall, or what it will; the 

hznomenon depending not u the Quantity, but the 

Strength of the Spring. 2 

27. The Twenty-ſeventh Experiment ſbews the Method of 
making an artificial Fountain in Vacuo, by the Air's Preſſure. 
For this Purpoſe a very tall Glaſs Tube is hermetically cloſed _ 
on the Top, and at Bottom by means of a Braſs Cap ſcrew'd 
on to a Stop-Cock, and that to the Plate of the Pump; then; 
when all the Air is exhauſted, the Cock is turn'd, and taken 
off the Plate, and immerſed in Mercury or Water: Then, 
upon turning the Cock again, the Fluid by the Preſſure of the 
Air will be ſeen very beautifully to play up in the Tube in the 
Form of a Fountain. 
28. The Taventy-eighth Experiment Se, that the Mag- 
netic Virtue from the Stone, or a touch A Piece of Iran, aff. &s 
the Needle in Vacuo, in the ſame manner as in open Air. 
29. The Taventy-ninth Experiment fbews, that the Attra- 
Sion of Cobefion is the ſame'in Vacuo as in the open Air. For 
this Purpoſe a large Glaſs Tube, drawn out into a very fine 
Capillary at Top, when fill'd with Water will ſuſtain it to a 
certain Height in the Air: If the ſame. be placed under the 
Receiver, and the Air drawn out, the Water will remain ſof- 
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der tied on at Bottom to repreſent the Dia- 
phragm. 


Hexce the Neceſſity of Air for Reſpiration and. 


enimal Life in moſt Sorts of Creatures, which die 
very ſoon in the exbaufted Receiver: Though 
ſome Animals will not be kill'd in this manner; 


as Flies, Frogs, Toads, ſome ſort of Fiſhes, &c. 


pended as beſore: which ſhews it to be wholly owing to the 
Force of Attraction. | | 

30. The Thirtieth Experiment fews, that Bodies, which 
equilibrate each other in the Air, loſe their Equilibrium in Vacuo. 
'Thus if a Piece of Lead at one End of a fine Balance, and 
a Piece of Cork at the other, are is Equi/ibrio in the Air, and 
thus placed under the Receiver, as ſoon as the Air begins to 
be exhauſted, ſo ſoon the Equilibrium will begin to be de- 
ſtroy d, till at laſt, when all the Air is taken away, the Cork 
will deſcend, and ſhew itſelf really heavier than the Lead. 
The Reaſon of which is evident from Hydroſtatic Laws; for 
both Bodies being weigh'd in Air, each would loſe the Weight 
of an equal Bulk of Air, conſequently the Cork will loſe a 
greater Weight than the Lead in the Air: and therefore when 
the Air is taken away, the Weight that is reſtored to it being 


greater than what the Lead has retriev'd, will cauſe it to pre- 


, or weigh down the Lead in Yacuws. And hence 
we ſee, that a Pound of Feathers is really heavier than a Pound 
of Lead, if weigh d in the Air. | 

31. The Thirty: fir Experiment fews the Air to be the Me- 
dium of Sounds. For if a Bell be ſcrew'd on to the Air-Pump, 
it will ring in the Air, and be heard under a thin Receiver: 
But when the Air is exhauſted, the Sound is not heard, which 
plainly proves it to be propagated by means of the Air, and 
this is farther evinced by letting the Air gradually into the Re- 
ceiver, becauſe if, in the mean time, you keep ſhaking the 
Bell, the Sound will *ncreaſe in proportion as the Glaſs is 
fill'd with Air. | | 

32. The Thirty-ſecond Experiment fewws, that the Air is nc. 
. for — Exiſtence of Fire and Flame. Thus if apron 

oroughly li , and a Candle ing, be 
the — Air is ——— Jars uin begin to 


decline and die away, and the Candle will go out by degrees. 


33. The Thirty-third Experiment fexwws the Riſe of Vapour! 
and Smoke to be owing to the Air; becauſe when the Air is ta- 
THAT 
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Trar Air paſſing through the Fire, and heat- 
ed Braſs Tube, is unfit for animal Reſpiration, 
is ſhewn by the ſudden Death of any Animal put 
into a Receiver fill'd therewith. Alſo Candles 
and living Coals, put into this aduſt Air, im- 
mediately go out. Hence the noxious and peſti- 
lential Qualities of Damps and ſuffocating Ex- 


ken away, the Vapours, which at firſt riſe "y plentifully 
from the wet Leathers of the Plate ſo as to obſcure the Re- 
ceiver, begin to fall when the Air becomes greatly attenuated z 
and the Smoke, which at firf® roſe from the Candle extinct, 
now begins to deſcend ; and when the Air is all exhauſted, 
the Receiver becomes quite clear, and free from all Appear- 
ance of Smoke or Vapour. Hence, by the way, we ſee the 
Reaſon why, when the Air grows lighter, it lets fall the Va- 
pours, and the Weather becomes miſty, hazy, and wet or 
rainy. 

ww The Thirty. faurth Experiment fews the Explohion of 
G der is owing to the Air. For if it be kindled in Vacus, 


the Air, that ſo ſuddenly expands itſelf from the Powder, 
and gives ſuch a Shock to the common Air, now finds none 


to encounter, and ſo makes no ſenfible Appearance, other- 
wiſe than by the ſinking of the Mercury a little in the Gage 
by its Spring. 

35. The Thirty-f/th Experiment fhews how Hal:"s are pro- 
duced by refratted Light. Thus if a Candle be held on one 
Side of the Receiver, and the Eye placed at ſome Diſtance 
on the othef, as ſoon as the Air begins to be exhauſted, and 
becomes attenuated and repleted with Vapours to a proper De- 
gree, the Light of the Candle will be refrafted through that 
Medium in Circles of various Colours, very much reſembling 
thoſe ſeen about the Moon in a hazy Air at Night. 

36. The Thirty-fixth Experiment /ews how the Lungs of 
an Animal are affected in Vacuo; in aubat Manner it dies, and 
i; revived again. For this Purpoſe a ſmall Bladder is tied to 
a Pipe, and ſcrew'd into a Bottle, which then repreſents the 
Lungs in the Thorax. This Pipe is perforated quite through 
to the Bladder, and is therefore analogous to the Trachea or 
Wind-pipe. The Air confin'd in the Bottle about the Blad- 
der is in the ſame Circumſtances with that in the Breaſt about 
the Lungs. When this Apparatus is placed under the Re- 
cewer, one or two Exſuctions will attenuate the Air in the Re- 
balations, 
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balations, fo frequent and fatally experienced in 
Mines, and other ſubterrancan Places. 

Trar Air in its natural State is neceſſary for 
Fire and Flame, is obvious from the ſudden Ex- 
tintion of a Candle, a live Coal, &c. in the ex- 
bauſted Receiver. Alſo Gunpowder fited there- 


ceiver and Bladder, upon which the Spring of included Air in 
the Bottle will compreſs the Bladder, as that in the Thorax 
does the Lungs ; and a few more Turns will cauſe the Bladder 
to be compreſs d together. Ihe Lungs being thus compreſs'd, 
the Animal is ſenſible of a prodigious Weight, the Circula- 
tion of the Blood through the Lungs is ſtopp'd, the Creature 
is all over convulſed, and at laſt expites in the eſt Ago- 
nies of a moſt cruel Death. When the Air is let in again, 
the Bladder gradually , as do the Lungs of the Ani- 
mal; and if it has not lain too long, the Blood will again 
py ne them, and the Animal will recover its ſuſpended 
e. 


37. The Thirty-ſeventh Experiment fews Air to be abhſe- 
lately neceſſary to maſt Sorts of Animals. This we do by ex- 
hauſting the Air from a Cat, a Rat, a Mouſe, a Bird, Cc. 
which ſoon die in the Manner above deſcribed. It is not al- 
ways, indeed, that Gentlemen can thus ſuffer their Curioſity 
to get the Aſcendant ſo far over their Humanity, as to defire 
ſo ing a Spectacle. The Ladies (greatly to their Ho- 
nour) ſhew more Conſideration, in generally voting againſt it, 

38. The Thirty-eighth Experiment fows Air is not allſo- 
lutely neceſſary to the Life of ſome Animals: For it is well known 
that pumping the Air from a Toad, an Eel, a Viper, and all 
Sorts of Inſects, ſeems not immediately to affect them. In- 
deed, the winged Inſects cannot fly, but they will crawl and 
run about very briſkly. Some fay Fiſh will die for want of 
Air; I confeſs I never could kill any. They appear greatly 
diſturb'd, ſwoln, and fickiſh at firſt ; but Mr. Hawk/by ſays 
he has kept them a Week in Yacuo, and they recover d their 
firſt Illneſs, and were at the Week's End as lively and alen 
as thoſe which had been kept as long in the Air. 

39. The Thirty-ninth Experiment hews mo Winged Animal 
can fly without Air. For this Purpole a large Butter-fly is 2 

roper Subject, for as ſoon as it is put under the Glaſs it will 
55 and flatter about, but when the Air is taken away, no- 
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in will not take Flame, or be exploſive, but melt 
and die away. Ha : 
THar the different Velocities with which heavy 
and light Bodies deſcend in the Air, is owing to 
the Air's Reſiſtance only, is manifeſt from the 
equal Velocity or Swiftneſs with which all Bodies 


thing more of that kind is ſeen. If a fas Silk be tied | 


one of the Horns of this Animal, and it be thus ſuſpended i 
the Middle of the Receiver, it will at firſt fly towards every 
Side of the Glaſs, but when the Air is exhauſted, it cannot 
et out of the perpendicular Poſition into which it is brought 
by its Gravity, though it will be conſtantly endeavouring to 
do it. | TY 
40. The Fortieth Experiment is that of Aduſt or Burnt Air; 
this Air is brought into the Receiver thro* the Fire; and if a 
Candle be put down into it, it inſtantly goes out, and will do 
To for many times together; but every time the Candle burns 
longer than before; which ſeems to ſhew,: that this Air is 
ſomewhat of the ſame Nature with that in Mines, commonly 
call'd Damps, and is, like that, purified again by Fire. 
41. The Forty-firft Experiment fbews that Aduft Air is in- 
ant Death to moſt. Sorts, of Animals:. Thus a Sparrow put 
into this Air tumbles down with a kind of Vertigo, is con- 


vulſed, and dies directly; much after the ſame Manner as. 


— fall down dead in the contaminated Air of Mines, deep 
ells, &c. 4 22 ; 
- 42. The Forty cond Experiment fbews that all Bodies de- 
ſend equally fwift in Vacuo. Thus a Guinea and Feather 
tet fall from the. Top of a fall exhauſted. Receiver, come 
down to the Bottom in the ſame time, or both together. But 
When let fall from thence in the Air, the Feather will deſcend 
— flower than the Guinea, and with an oblique or indirect 
otion. 1 ; A | ' 
43. The Forty-third Experiment fews all Fermentation and 
Putrifattion depend on fir. Thus Apples, Pears, Plums, 
Cherries, &c. which in the Air ſoon, grow mellow, 
putrid and rotten, will, if kept in an exhauſted Receiver, 
placed under Water, be preſerv'd a long time untainted, ap- 
Pear freſh and in their native Bloom. Thos Eggs alſo, which 
in the Air ſoon grow ſtale, putrid, and addle, will in Vacus 
retain their eſs; and be fit for uſe after a great while, 
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deſcend in the exbauſted Receiver, as is ſhewn in 
the Experiment with a Guinea and a Feather. 

Alx is likewiſe neceſſary for the Exiſtence 
and Propagation of Sounds; for a Bell placed 
under the Receiver, and rung, will not be heard 
when the Air is drawn out; but in condenſed Air, 
the Sound will be augmented in proportion to the 
Condenſation. 

Trar Fermentation, Putrefaction, &c. depend 
on the Air, and are promoted by it, is ſhewn 


Which fs the Reaſon why many People keep them in Pots 
of Butter, Lard, &c. to preſerve them from the Air. 

44. The Forty-fourth Experiment fews how neceſſary Air 
is for the Germination and Growth of Plants and Vegetables. 
For if the ſame Seed be planted in two different Pots of 
Earth at the fame time, and one of them be kept in an ex- 
hauſted Receiver, the Difference between the Appearance 
and Growth of each will be ſufficiently ſenſible to any that 
ſhall try the Experiment. | 

45- The Forty-ffih Experiment f:awws, that the Writing 
made with Phoſphorus upon Paper, laid on the Plate of the Pump, 
will in Vacuo appear luminous, and not be extinguiſh'd like 
common Fire. It will alſo ſend up lucid Fumes or Clouds to 
the Top of the Receiver. | 

46. If the Paper be wetted by Patches, on which the Lines 
have been drawn with Phoſphorus, inflead of @ Cleud it will 
give Flaſhes in Vacuo. For theſe Experiments with Phoſpho- 
rus the Room ſhould be made very dark. 

47 The Forty-ſeventh Experiment fbexws, that upon ſome 
Chemical Mixtures a Efferveſcency, Ebulliition, and Ac- 
cenſfon will happen in Vacuo. Thus if to an equal (but ſmall) 
Quantity of Oil of Vitriol, Oil of Tartar per Deliguium, and 
Oil of Cloves, you put two or three ſmall Pieces of Phoſ- 
phorus, the Mixture will take Fire in the open Air, and is 
put out by the Addition of a little Water. It will not only 
ſhine, but boil up into a Flame in Yacuo. 

48. Melted Liad, and other Metals; fet to cool in Vacuo, 
bave their Surfaces concave ; whereas they are convex in the 
open Air. The Reaſon of which is the ſame as of the Ex- 
panſion of Water when it congeals ingo Ice. Thus Ice be- 


by 


PN EHE UHAT IOS. 
by preſerving Fruit in their natural Bloom and 
Perfection through the Winter in an exhauſted 
Glaſs, _ Yacht wt, 

Tur Uſe of the Diving-Bell depends on the 
Preſſure and Spring of the Air: For ſince the 
Space which Air takes up is .reciprocally as the 
Power. compreſſing it, *tis evident that at the 
Depth of 33 Feet of Water, where the Preſſure 
of the Atmoſphere is doubled, the Bell will be 
half fill'd with Water, at the Depth of 66 Feet 


comes ſpecifically lighter than Water, and ſwitns in it; as any 
ſolid Metal is ſpecifically lighter than when melted : Thus 4 
leaden Bullet ſwims in melted Lead. What Agent Nature 
employs in the Affair of Congelation, is perhaps as yet un- 
known to Mortals ; but whatever it be, 'tis certain that one 
Part of its Operation is to fever the Particles; and fix them at 
a greater Diſtance from each other in the fix d, than they are 
in the fluid State. | 
49. The Chemical Proceſi of Cryſtallization will not ſucreed 
in Vauuo, If Salts be mix'd with Water and evaporated to a 
Pellicle, and then placed under an exhanſted- Receiver, and 
ſet in a cool Place as uſual, it will not ſhoot into Cryſtals, as 
in the open Air it readily will. | 
50. The F;Nteth Experiment ſhews, that if a Piece of 
Wood be cemented in the Jowet Part of the Neck of the open 
Receiver, and Mercury be pour'd upon it, after two or three 
Exhauſtions the Preſſure of the Ait will be ſo great on the 
Mercury, as to cauſe it to deſcend through the Pores of the 
Wood in Form of a beautiful Shower ; which: will ſhine (if 
it be well cleanſed and the Weather dry) in a dark Room. 
The Air alſo will follow the Quickfilver through the Pores of 
the Wood, and cauſe the Gage to fink. ' 
51. To theſe Experiments of a Vacuum, I ſhall add the fol- 
lowing Particulars felating to the CoxnyvexsaTtoN of Air: 
As, (1.) That the Veſfel ought to be very ſtrong to bear the 
Force of the Air's Spring thus increaſed ; for which Reaſon 


they are generally made of Braſs. (2.) If Glaſs be uſed for 


a Condenſer, it will not indeed ſuffer ſo great a Degree of 
Condenſation, but the Experiment will be pleaſanter, by view- 
ing the Subject placed in the condenſed Air. - (3) The Spring 
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it will be two Thirds fill'd; at the Depth of 99 
Feet it will be three Fourths fill'd; and fo on. 
Whence appears the Neceſſity of having the 
Veſſel in the Form of a Bell, that the perper- 


dicular Height of the Water may be as little as 


poſſible. Hence alſo we ſee how neceflary it is 
to have a very gentle Deſcent of the Bell, that 
the Divers may have Time to admit the Air, ſo 
greatly. condenſed, by proper Degrees, left it 
ſhould burſt the fine Veſleis of their Bodies, and 


of the Air will be greater in p ion to its Condenſation, 
and therefore (4.) The Sound of the Bell will be twice and 
thrice as loud as in the common Air, if the Air be made twice 
or thrice as denſe by Injection. (5.) A round Vial will be 
broke by condenſed Air, that could not be broke by the 
Preſſure of the eommon Air. (6.) Though Animals ſoon 
die by not having the natural requiſite Quantity of Air, yet 
they will not be eaſily kill'd by having that Quantity increaſed 
by Condenſation. (7.) If Air be condenſed upon Water in a 
Bottle, it will cauſe it to ſpout through the Tube of Com- 
munication to a very great Height, wiz. to 30 Feet, if only 
one A:moſphere be injected; to 60 Feet, if two; and ſo on. 
(8.) A Bladder, that will ſuſtain the S OO 
will be broke by the Spring of condenſed Air. In ſhort, the 
Force of condenſed Air may be fo far increaſed, as to coun- 
tervail or antagoniſe the greateſt Power of Nature that we 
can apply. (9.) Water with Air condenſed upon it will con- 
ceive a much greater Degree of Heat than in the common Air, 
where it will boil much ſooner than in condenſed Air. (10.) So 
t may the Degree of Heat acquired in Water this way 

, as to melt ſoft Solder; and therefore Veſſels ſhould have 
their Parts put together with hard Solder, that are uſed about 
theſe Experiments. | 
52. From this vaſt Power of confined and elaſtic Air and 
Steam it is that we account for the prodigious Effects of Pap- 
piuss DrcESTER in diſſolving Bones and reducing them to 
a Jelly, ſo as to become a wholſome and ſavoury Diet ; for 
which Purpoſe they are put into a metalline Veſſel, with 2 
Cover, which is faſt and ſtrongly ſcrew'd down, and 
Air-tight, The Digeſter nearly fil d with Water and Bones 


Kill 
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kill them : Together with ſeveral other Particu- 


lars relating to the Nature and Manner of uſing 
this Machine, which will be more fully explain'd 
in the Note below (XCI1I). | 


is ſet over a gentle Fire, which by degrees rarefies the Water 
into Steam, which with the included Air in a ſhort Space of 
Time acts upon the Bones with ſo great an Energy, as to ef- 
feQ their utter Diſſolution, and cauſe them to mix and incor- 
porate ſo intimately with the Water, or Broth, as to make a 

rfect Caagulum or Jelly when all is cold, which may be then 
ficed out with a Knife. They who would ſee more of the 
wonderful Effects of this Inſtrument may conſult the Author's 


own Rook upon the Subject. 
(XCII) 1. That the Reader may have a juſt Idea of 


Campana Urinatoria or DivinG-BELL, according to the lat 


{mprovements by Dr. He/l:y and Mr. Triewwald of Stockholm, 
I have here exhibited two Figures of the ſame. The firſt is 
that of Dr. Halley's Form, which was 3 Feet wide at Top, 
5 Feet at Bottom, and 8 Feet high ; and contain d about 63 
Cubic Feet, or near 8 Hogſheads, in its Concavity. 


2. This was coated with Lead, ſo heavy that it would fink Pl. > - A 


empty; and the Weight was diſtributed about the Bottom IK, 
that it would go down in a perpendicular Poſition and no 
other. In the Top was fix'd a ſtrong but clear Glaſs D, to 
let in the Light from above; and likewiſe a Cock, as at B, 
to let out the hot Air that had been breath d; and below, as 
LM, was fix d a circular Seat for the Divers to fit on; and 
laſtly, from the Bottom was hung, by three Ropes, a Stage 
for the Divers to ſtand upon to do their Buſineſs. This Ma- 
chine wag ſuſpended from the Maſt of a Ship by a Spris, 
which was ſufficiently ſecured by Stays to the Maſt. head, and 
was directed by Braces to carry it over-board clear of the Side 
of the Ship, and to bring it in again. 

3. To ſupply the Bell with Air under Water with two 
Barrels, ſuch as C, of about 63 Gallons each, were made 
and caſed with Lead, ſo that they might fink empty, each 
having a Hole in its loweſt Part to let in the Water, as the 
Air in them is condenſed in their Deſcent, and to let it out 
gain when they were drawn up full from below. And to a 

ole, in the Top of the Barrels, was fix d a Hoſe or hol- 
low Pipe, well prepar'd with Bees-Wax and Oil, which was 


long enough to below the Hole at the Bottom, being 
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Tur Spring of the Air is moſt evidently con- 
ce in that Chirurgical Operation we call Cup- 
ping; for when a Vacuum is made by a Syringe in 
the Cupping- Glaſs applied to any Part, the Spring 
of the Air in the Fl:ih under the Glaſs doeg 


ſunk with a Weight appended, ſo that the Air in the upper 
Part of the Barrels could nat eſcape, unleſs the lower Ends 
of theſe Pipes were brft lifted up. | | 
4. Theſe Air Barrels were fitted with Tackle, proper to 
make them riſe and fall alternately, like two Bucket. in'a 
Well; in their Deſcent, they were directed by Lines faſten'd 
to the under Edge of the Bell to the Man ſtanding on the 
Stage to receive them, who by taking up the Erds of the 
Pipes above the Surface of the Water in the Bell, gave Oc- 
caſion for the Water in the Barrels to force all the Air in 
the upper Parts into the Bell, while it enter'd below. and 
I'd the Barrels. And as ſoon as one was diſcharged, by a 
ignal given, it was drawn up, and the other deſcended, to 
be ready for Uſe. | | 
F. As the cold Air ruſh'd into the Bell from the Barrel below, 
it expell'd the hot Air (which was lighter) thro' the Cock B, 
at the Top of the Bell, which was then open'd for that 
purpoſe. By this Method, Air is communicated ſo quick, 
and in ſuch Plenty, that the Doctor tells us, he himſelf was 
one of five who were together at the Bottom, in nine or ten 
Fathoms Water for above an Hour and an half at a Time, 
without any Sort of ill Conſequence ; and he might have con- 
tinued there, as long as he pleaſed, for any thing that ap- 
pear'd to the contrary. | us ae 
6. In going down, tis neceſſary it ſhonld be very gently 
at firſt, that the denſe Air may be inſpired to keep up, by 
its Spring, a Balance to the Preſſure of the Air in the Bell. 
Upon each 12 Feet Deſcent, the Bell is ſtopp'd, and the Wa- 
ter that enters is driven out by letting in three or four Bar- 
rels of freſh Air. By this Means, the Doctor ſays, he could 
by taking off the Stage) lay the Bottom of the Sea, juſt with- 
in the Compaſs of the Bell, fo far dry, as not to be over 
Shoes thereon. * | ba 
7. By the Glafs above fo much Light was tranſmitted when 
the Sun ſhone, and the Sea was clear and even, that he-could 
ſee perfeftly well to write and read, and much more to take 
vp any Thivg under the Bell ; and by the Return of the Air- 
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ſtrongly act, and by that means cauſes the Fleſh 
to diſtend and ſwell into the Glaſs, while the 


Preſſure of the Air on the Parts without the Glaſs 


accelerates the Motion of the Blood and Fluids, 
towards the Part where it is diminiſh'd or taken 


Barrels, he could ſend up Orders, written with an Iron Pen, 


on ſmall Pieces of Lead, directing they were to be moved 


from Place to Place. ö 

8. But in dark Weather, when the Sea was rough and 
troubled, it would be as dark as Night in the Bell; but then 
the Doctor found he could keep a Candle burning in the Bell, 
as long as he pleaſed; it being found by Experiment, that 
one Candle conſumes much about the ſame Quantity of con- 
fined Air as one Man does, wiz, about a Gallon per Minute. 

9. Tue only Inconvenience the Doctor complain'd of was, 
that upon firſt going down they felt a ſmall Pain in their 
Ears, as if the End of a Quill were forcibly thruſt into the 
Hole of the Ear. This may proceed from its being ſome 
Time before the Air can get from the Mouth, thro* the ſmall 
Canal of the Euflachian Tube, which leads to the inner Ca- 
vity of the Ear; where, when it comes, it makes an Eęuili- 
briam with the outward Air, preſſing on the Tymparnum, and 
thus the Pain, for a ſhort Time, ceaſes; then deſcend- 
ing lower, the Pain of the Ears returns, and is again abated ; 
and ſo on till you come down to the Bottom, where the Air 
is of the ſame Denſity continually. 

10. One of thoſe Divers (who thought to out-wit Dame 
Nature for once) put a Piece' of chew'd Paper in his Ears, 
which, as the Bell deſcended, was fo forcibly preſſed into his 


Ears, that it was with great Difficulty the Surgean could ex- 


tract it, Thus a Bottle with only common Air in it, and 
cork'd down tight, if it be let down fo a conſiderable Depth 
of Water, will be found, upon drawing it up again, to have 
bal the Cork forced in by the Preſſure of the Water at that 
Pth. | 
11. This Bell was ſo far improv'd by the Doctor, that he 
could detach one of his Divers to the Diſtance of 8o or 100 
Yards from it, by a Contrivance of a Cap or Head-piece, 
ſomewhat like an inverted Hand-Baſket, as at F, with a Glaſs 
m the fore Part, for him to ſee his way thro'. This Cap 
was of Lead, and made to fit quite cloſe about his Shoulders ; 
in the Top of it was fix'd a flexible Pipe communicating with 
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off by the Glaſs. 

' Since we know that Heat augments the re- 
pellent Power in the Particles of a Fluid, and by 
that means increaſes its Elaſticity, and thereby 
cauſes it to expand itſelf into à large Space; and 


the Bell, and N he had Air when he wanted, by 
turning the Stop Cock near his Head- piece. There was alſd 
another Cock at the End in the Bell to prevent àny Acci- 
nt happening from the Perſon without. bn 
12. This Perſon was always well clothed with thick Flan- 
nels, which were warm'd upon him before he left the Bell, 
and would not ſuffer the cold Water to penetrate'to hurt him. 
His Cap contain'd Air enough to ſerve him a Minute or two; 
then by raifing himſelf above the Bell, and turning the Coc 
F, he could repleniſh it with freſh Air. This Pipe he coil'd 
round his Arm, which ſerved him as a Clue to find his Way 
to the Bell again. e, 2 
13. This Diving: Bell receiv'd its laſt Improvement from 
Mr. Martin Triewald, F. R. S. Captain of Mechanics and Mi- 
litary Arcbitedure, to his Sauediſb Majeſty; the Manner and 
Form whereof is ſhewn in a Figure of his own drawing. A, B, 
is the Bell, which, as appears by the Scale of Feet under it, 
is much leſs than Dr. Halley's, and therefore will come 
Fheaper. It is ſunk with leaden Weights D, D, appended 
at 1 the Subſtance of the Bell is Copper, and 
tinn'd within all over; and as in the Rivers and Coaſts of the 
Baltic Sea, the Water is very clear, ſo he has N 
the Bell with three ſtrong convex Lenſes G, G, G, wit 
Copper-Lids H, H. H, to defend them. er 
14. The e or Plate E, ſerves the Diver to ſland 
upon when he is at Work ; and it is ſuſpended at ſuch a Di- 
fiance from the Bottom of the Bell, that when the Diver 
{lands upright, his Head is juſt above the Water in the Bell, 
and it is much better there than higher up in the Befl, be- 
cauſe the Air is colder, and conſequently more freſh and fit 
or Reſpiration near the Surface of the Water, than towards 
the To of the Bell. 0,3 hes of = =S 6. 2. * 
15. Rut when there is Occaſion for the Diver to be wholly 
in the Bell, and his Head of Courſe in the 'upper Part, Mr. 
Triew-ald has contrived, that even there, when he has breath't! 
the hot Air as long as he well can, by means of a ſpiral 
Coppet Tube b, c, placed cloſt to the Baade of die Bell, he 
. 8 chat 
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that Cold has a quite contrary Effect ; we learn 
the Uſe of the TERM ORT ER in indicating the 
various Degrees of Heat and Cold in the Air, by 
the different Altitudes of the Spirit of Wine in 
that Inſtrument (XCIII), * kn 


may then draw the cooler and freſher Air from the lower- 
moſt Parts; to which End, a flexible Leather Tube, about 
two Foot long, is fix'd to the upper End of the Tube at 5, 
to the other End of which is a turn'd Ivory Mouth-piece, 
for the Diver to hold in his Mouth, to reſpire the Air from 
below by; and this he may do in any Poſture of ſtanding, 
ſiting, bowing his . | 


(XCIIL.) 1. A TuzxMoMETER being defign'd to indicate 


the various Degrees of Heat and Cold by the elaſtic or expan- 


five Power of Bodies of the Fluid ſort, ſo many Ways, Me- 
thods, and Forms pf conſtructing ſuch an uſeful Inſtrument 
have been thought of, and invented at ſeveral Times for this 
Purpoſe; at firit Air, then Oil, then Spirits of Wine, and 
laflly Quickfikver have been every Way attempted and tor- 
tur'd in this Experiment. 1 ; 
2. The Spring of Air being ſooner affected by Heat and 
Call than that of any other Fluid, was firſt thought upon as 
the beſt Expedient to anſwer this End; and fo it really would 
be, were it not that the Weight or Preſſure of the Atmo- 
ſphere affects it alſy at the ſame time; and by acting ſome- 
times with, ſometimes againſt it, renders the Effect by Heat 
or Cold very uncertain, and therefore the Inſtrument uſeleſs. 
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For Example: The Air in the Bottle AF will, by its Ex- pj XXX. 


panſion, when the Air warmer, raiſe the Water higher 
in the Tube than the Point H, and if the Air be lighter at 
this time it will preſs leſs on the Surface of the Water at H, 
and ſo will ſuffer it to riſe ſtill higher. But if the Air be 
heavier it will a& againſt the Spring, and not permit it to 
raiſe the Water ſo high. The ſame may be obſerved with 
reſpect to its Con by Cold; wherefore ſuch an Inſtru- 
nent, for common or conſtant Uſe, will not do at all, tho” 
perhaps none is better calculated for ſome extemporaneous 
Uſes, as meaſuring the Degree of Coldneſs in different Cel- 

lars, or of Warmth in divers Rooms upon the ſame Floor. 
3. It was upon this Account found neceſſary to have re- 
courſe to ſome ather Fluid, which, ſecured from the _ 
. „ ure 


Fig. 1. 
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- anſwer the Purpoſe, and accordingly Thermometers were ge- 


As the Mercury very freely and uniformly expands itſelſ 
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ſure of the Air in a Tube hermetically ſeal'd, might expand 
and contract ſolely by the Heat and Coldnefs of the Air a- 
bout it. And becauſe moſt Fluids are ſubject to freeze or 
thicken in great Degrees of Cold, it was ſoon conſider d that 
Spirits of Wine, a little tinged with Cochineal, wou!d belt 


nerally made therewith, and became of common Uſe. 

4. Tho' the Spirit of Wine Thermometers would do very 
well to ſhew the comparative Heat of the Air, yet this was 
far ſhort of the Virtuoſo's Views, who wanted to explore the 
various and vaſtly different Degrees of Heat in other Bodies, 
as boiling Water, bciling Oils, melted Metals, and even Fire 
itſelf, and Degrees of Cold too, beyond what the Spirit 
Thermometer can-ſhew. For Spirit in a moderate Degree 
of Heat will burſt the Tube; and in an intenſe Degree of 
Cold will freeze, as the French Philoſophers found, who went 
to meaſure a Degree upon the Surface of the Earth under the 
North Polar Circle. 

5. It having been found by Experiment, that Linſeed 
Ou required. four times the Degree of Heat to make it boil 
as Water did, it was quickly ſubſtituted inſtead of Spirits 
for Philoſophic Uſes. This Sir aac Newton always uſed, 
and by. it diſcover d the comparative Degree of Heat which 
makes Water boil, which melts Was, which makes Spirit of 
Wine boil, and melts Tin and Lead; beyond which we do 
not find the Qil-Thermometer has been applied; for which 
reaſon (as alſo for its ſullying the Tube) it has been leſs uſed 
of late, and given way to | | 

6. The Mzacvuaziat TrermoMETER which will ſuſtain 
any Degree of Heat or Cold, as far as any Inſtrument of 
this Kind can be expected to do. Mr. Farenheit, of An fler 
dam, was the Contriver of this Thermometer, and tho' ſe- 
veral Artificers- made them as well as he, yet they ſtill go 
by his Name. Dr. Boer haave uſed only this Thermometer. 


from hard Froſt to the Heat of Summer, ſo one Sort of thoſe 
Thermometers are contrived with a Scale, to include thol: 
Extremes only, and the Beginning of the Diviſions, or 0, 
is fix'd to that Altitude of tle Quickfilver, as is obſerv'd when 
Water juſt beg ns to treeze, or Snow to thaw; for which 
reaſon that is call d the Fre-zing Point in the Scale. Th» 
Thermometer is imall, ſhort, put in a neat Frame, and carried 
in the Pocket any where | 

7. But the Grond Thermemeter of FARENK ET is graduate! 
after a different Manner, as deſtin'd to a more critical 
extenſive Uſe. In this the Bulb, or large Part at a 
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tom, is not ſpherical (as in common ones) but cylindrical, to 
the End, that the Heat may penetrate and reach the inmoſt 
Parts as ſoon as poſſible, ſo that the whole may expand uni- 
formly together. Hence it is, that in the cylindric Bulb, the 
Fluid will expand and riſe immediately, whereas in the ſphe- 
rical Bulb, it is ſeen firſt to fall (by the ſudden Expanſion of 
the Ball, before the Fluid is heated) and then to riſe, by 
the Expanſion of the Fluid when heated I have here given 
a Figure, both of Farenheit's Mercurial Thermometer, and 
alſo of Sir Jaac Newton's made with Linſeed Oil 

8. 1 take this of Sir //aac's'to be the belt fitted of any 
for a Standard Weather Thermometer ; and even for any De- 
gree of Heat which the various States of the human Body 


of . 0. MX, ms 


e exhibit; and alſo for thoſe different Degrees which Vegeta- 
of tion requires in the Green Houſe, Hot-Bed, &c. In all 
nt which Caſes tis neceſſary there ſhould be one common, un- 
he erring, and univerſal Meaſure, or Standard, which at all times, 
and in every Place, will ſhew the ſame Degree of Heat, by 
2 the fame Expanſion of the Fluid, according to which the 
0 


0 Scale ſhould be made in every Standard Thermometer. 
* 9. In order to this, the Tube propoſed ſhould be very 


ed, nicely weigh'd when empty, and then the Bulb, and about 
ch a tenth Part of the Length of the Tube above it, is to be 
| of fll'd with Quickſilver; chen it is to be weigh'd again, and 
| the-Exceſs of this, above the former Weight, will give the 
-r Weight of the Quickſilver pour'd in; this will give the 
1 


Weight of 100dth Part, Let a Mark be made with a File 
upon the Tube at the Surface of the incloſed Quickſilver. 

10. Then weigh out 9 or 10 Parcels of Quickfilver, each 
t of equal to 100dth Part of that firſt put in the Tube, and having 
yer” pour'd the ſeveral Parcels in one after another upon the in- 
cloſed Quickſilver, and marked the Tube ſucceſſively at the 
| gp Surface of each Parcel, you'll have the Tube divided iuto 
eter. proper Intervals, which, if the Bore of the Tube be every 
itſelf where the ſame, wilt be equal to each other; if not, they 
thoſe will be unequal; and each of theſe Intervals is to be divided 
thoſe into 10 others, increaſing or decreaſing as the Intervals do. 
11. When this is done, the Capacity of the Tube is di- 
when vided into Th:uſandth Parts of that of the Ball, and the con- 
tiguous Part of the Tube reaching up to the firſt Mark. The 
Tube is now to be put-into'a Frame, and by the Side of 
it is to be placed a Scale, divided into Thouſandth Parts, 
© <xattly correſponding to thoſe on the Tube; and writing 
1000 over-againſt the firſt Mark, you write 1010 over- 
againſt the ſecond, 1020 againſt the third, and ſo on, as you 
ſee in the Figure, Lf Banah bis 
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12. The Standard Thermometer - Tube, and its Scale, be- 
ing thus conſtructed, is then to be fill'd with ſome proper 
Fluid, as Lindſeed Oil, where great Degrees of Heat are not 
propoſed ; and Mercury is to be uſed, when they are. When 
the Fluid is pour'd in, it is to be adjuſted. in ſuch a Quantity, 
that it may ſtand juſt at the principal Point, mark'd 1000, 
in Water juſt freezing. And here great Precaution is to be 
uſed; for many Trials muſt determine this Point to which 
the Fluid muſt always riſe by flow Degrees, and with an uni- 
form Motion. | | 

13. When this Point is well ſecured, all the Trouble is 
over the Ball, being then immerſed in boiling Water, Spivits, 
Oz/s, melted Metals, M. in Snow, Freezing Mixtures, &c. the 
Expanhons, by all the various Degrees of Heat and Cold, 
will be ſhewn by the Numbers againſt the Heights to which 
the Fluid riſes in the Tube in each Caſe, theſe are to be 
wrote on the Side of the Scale; and fince the ſame Degree 
of Heat will cauſe the ſame Expanſion of the ſame Fluid at 
all Times, tis evident, if Thermometers were every where 
conſtructed in this Manner, the Obſervations made hy them 
in any Part of the World, may be compared together,. which 
cannot otherwiſe be done; whence this Part of Philoſophy 
would receive its final Perſection. 

14. By one of thoſe Standard Thermometers well made, 
many more might ſoon be conſtructed with any expanding 
Fluid, without the Trouble of graduating their Tubes by 
equal Quantities of Quickfilver. For having fill d the Balls 
and a convenient Part of the Tube, with the propoſed Fluid, 
place them all together in a Veſſel of cold Water; and while 
it is warming as gently as poſſible, when the Oil in the Stan- 
dard Thermometer ſhall arrive ſucceſſively at the ſeveral Di- 
viſions of its Scale, at the ſame Inſtant of Time mark the 
new Tubes at the ſeveral Heights of their Fluids, and form 
8 Scale for every Tube, that ſhall correſpogd to thoſe Marks. 
Then, while the Liquors ſubſide by cooling gently, examine 
whether they nicely agree at the ſeveral Marks. To deter- 
mane the Freezing Point in all, they are to ſtand together 
the Water till it juſt begins to freeze: Or, having all the othet 
— duly, that may be deduced very exactly by the Ru 
0 ion. | 

15. A Thermometer that ſhall very ſenſibly hy eve 
— — of Heat and Cold, as thoſe of the At : 

ere, m ve 2 large Ball in Proportion to the Yore © 
the Tube; and that the Heat or Cold may ſooner pence 
the innermoſt Parts of the Liquor, the Ball ſhould not be 
ſpherica!, but oblong and flatted like a French Flaſt ; and d 


PNEUMATICS 
Lengths of the Tubes ſhould be proportion'd to the. Degrees 
of 


eat they are intended to diſcover. 

16. Sir J/aac Newton graduated his Standard Thermometer 
on both Sides, as ſhewn in the Figure. Thoſe on the Right 
Hand meaſured the Heat of the Oil; as thoſe on the Left 
meaſur d the Bulk thereof: But fince the latter, as well as the 
former, begins from a Cypher at the Freezing Point, and is 
regularly continued upwards by the common Diviſions 10, 20, 
30, 40, &c. it will equally ſerve both Purpoſes ; ſince the 
Degree of Heat will always be proportion'd to the Expan- 


ſion of the Bulk of the Fluid above or below the Freezing 


oint. 

17. By this Diviſion therefore on the Left Hand, I ſhall 
expreſs ſome of the principal Articles of Sir J/aac Newton's 
Scale of the various Degrees of Heat, as in the Tablet below. 

D. of Heat. | | 
o Water juſt freezing, and Snow juſt thawing. 
„ 4 J The Heats of the Air in Winter 


* 5 Ihe Heats of the Air in Spring and Autumn. 
22 {The Heats of the Air in Summer. 
13 The greateſt Summer-Heat. | | | 
26 The greateſt Heat of the external Parts of the Hu- 
man Bedy. 75 


31 Water juſt tolerable to the Hand at Reſt. 

363 Water hardly tolerable to the Hand in Motion. 

43 Melted Wax juſt growing ſtiff and opake. 

51: Melted Wax juſt before it bubbles or boils. 

54 Spirit of Wine juſt begins to boil. 

72 ater begins to boil. | 

75 Water boils vehemently. Fee 
86 A Mixture of 1 of Lead, 3 of Tin, and 1 Biſ- 
muth, melts. | 
13 A Mixture of equal Parts of Tin and Biſmuth melts. 
122 A Mixture of 4 of Tin and ; of Lead melts, 
154 The Heat which melts Tin. | 
174 The Heat which melts Biſmuth. 
206 The leaſt Heat which melts Lead. | 
290 The Heat with which burning Bodies ſhine in a 

dark Night. 

410 The Heat of a ſmall Coal- Fire. 
439 


The Heat of a ſmall Wood-Fire. 


Tur 
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Tu Moiſture and Dryneſ of the Air are ſhewi 
by the HyYOCROM ETER, Which is made ſevera! 
ways, but that with a Cord is moſt common and 
uſeful; for that by ſhrinking with Moiſture will 
turn an Index one way, and extending with Dry- 


neſs will turn it the contrary way, over the gra- 
duated Limb of a Circle (XCIV) (XCV). 


18. Dr. Hales conſiders the Freezing Point as one Bounda- 
ry to Vegetation, vu on the Side of Cold; and the other 
Boundary he fixes to that Degree of Heat with which Wax 
will begin to melt, becauſe a greater Degree of Heat will, 
inſtead, of collecting and aſſimilating the nutritive Particles, 
diſſipate them, even thoſe which are moſt viſcid and glutinous; 
and therefore the Plant will rather fade than vegetate in ſuch 

of Heat. 

19. This Space the Doctor divided into 100 equal Parts in 
his Thermometers: But his Numbers, expreſs'd in thoſe of 
the Standard Thermometer, are for ſeveral Particulars men- 
tion'd by the Doctor as follows. For Myrtle, 4; ; Oranges, 61; 
Ficaides, 713 Indian Fig, 84; Ale, 10; Cereus, 11; Euphor- 
bium, 12; Piamento, 13; Ananas, 144; Melen-Thiflle, 154; 
Air under the Glaſs of a Hot-Bed, 17; the Hot-Bed itſelf, 28. 
If the Hot-Bed exceed the Heat of 40 or thereabouts, it will 
ſcorch the Plants and kill them. The Heat of Milk from the 
Cow is 28, that of Urine 29, and of Blood in a Fever nearly 40. 

20. As Farenbeit's Thermometer is come into ſuch gene- 
ral Uſe, I have here placed it by the Standard Thermometer, 
that the Diviſions on each may be reduced to the other's re- 
ſpectively by bare Inſpection, and the Uſe of both be ſtill pre- 
ſerved. If the Reader would ſee all the different Sorts of 
Thermometers, or rather all the different Methods of gra- 
duating them, he may be fully ſatisfied by conſulting Dr. George 
Martine's Treatiſe on this Subject. | 


(XCIV) 1. An HyYcromeTEr, ſometimes call d a No- 
TIOMETER, 1s any Inftrument or Contrivance, by which we 
can eſtimate the Quantity of Moiſture or Vapours in the Air; 
or by which we can compare the vatious Degrees of its Hu- 
midity and Siccity at different Times. For this Purpoſe dif- 
ferent Subjects have been at times eſſay d, but none as yet 
have been found ſati:ſactory or laſting. 5 

2. Thus Cotton, Spunge, ct hung at the End of a nice 

1 SHALL 
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I sHaLL finiſh this Lecture with giving you 
an Account of the Structure and Uſe of the com- 
mon Artr-Pume, and of one of a new Invention 
of my own. The common or large Air- Pump 
is repreſented where aa, aa; are the two Braſs 
Barrels, in which the Piſtons cc, cc, 4 move by 
Chains faſten'd to each of them, and to a Wheel 
moving on the Axle f, when the Engine is put 
into Motion by the Winch 35. gg, gg, are two 


Balance, in an exact Equilibre, will by contracting Moiſture 
from the Air become heavier, which will therefore be ſhewn 
by its deſcending; and when the Air becomes drier, it ought 
to part with the Moiſture and become lighter; but this it will 
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Pl. XXIII. 
Fig. 4. 


not readily do, and is therefore of little Uſe. Salts have 


been likewiſe uſed this way, but to no purpoſe, 

3. It would be endleſs to take notice of all the Methods 
that have been attempte by Philoſophers, and all without 
Succeſs, However, as ſome are better than athers, and will 
endure for a conſiderable Time very well, I ſhall here give an 
Account of one which is the beſt of any I have hitherto 
thought of. Ir is made of a String either of Hemp or Cat's- 
Gut, (as all the beſt Sort are) and ſhews the. increaſing 
Maiſture of the Air by its Tauiſing and Shortening, and the 
Dryneſs by Untauiſting and Lengthening. 


4. Thus, Let ABC be the lower Part of a twiſted Line pl. xxx. 


or Cord, hanging from the Height of the Room againſt one 
Side thereof on the Wall or Wainſcot ; let there be deſcribed 
a large Circle, graduated into an 100 equal Parts, ſuch as 
KLMN ; in the Center of which is a Pm, with a ſmall Pul- 
ley IB, carrying an Index OP. If now a Cord be put round 
the Pulley, and a ſmall Weight or Ball D be ſuſpended at the 
lower End to keep it ſtrait, then as the Cord gathers Moiſture 
from the Air, it will twiſt and become ſhorter ; the Conſe- 
quence of which will be, that in contracting it will turn the 
Pulley IB, and this by its Index will point to the Numbers on 
the graduated Circle, which will ſhew the Degree of Moiſture 
or Dryneſs by the Contraction or Relaxation of the Cord. 

5. Again: If the Ball D hang over the Center E of ano- 
ther graduated Circle CFG H placed horizontally, carrying 
an Index E F upon its Diviſions, it will ſhew the fame Thing 


Pillars 


Fig. 6. 
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Pillars or Pietes of Wood ſupporting the Frame 
of the Pump-Wheel, which is ſcrew'd upon them 
by Nuts under the little Pieces of Wood e, ec. 
The Tube or Pipe mark'd Y is call'd the Swan- 
Neck, made of Braſs: By this the Air paſſes from 
under the Receiver 00, through a ſmall Hole + 
in the Middle of the Braſs Plate i i on the Top 
of the Pump, to a Braſs Piece in the Box dd, 


by the twiſting and ee the Cord BC, as in the Cir- 

cle above; ſo that this may be look d upon as a Double Hy- 

eter, and ſo {imple in its Structure, that any Perſon may 

ake it; and that it will anſwer very well for a conſiderable 

Time, I am fully fatizfied by Experience : And I believe a 
better than this was never tnade. 

(XCV) 1. There remains yet one more Pneumatic Machine 
to be deſcribed, which has made a corfiderable Noiſe in the 
Philoſophic World, but has never been of any Uſe in Civil 
Life; I mean, the fambus Invention of the AlR-Gux, of 
which there are two Sorts; one the Common Air Gun, the 
other the Magazine Air- Gun: Of both which I ſhall give the 
following ſhort Account. 

2. The Common Atx-Gun is made of Braſs, and has two 
Barrels; the Inſide Barrel K A of a ſmall Bore, from which 
the Bullets are ſhot ; and a larger Barrel ECDR on the Out- 
ſide of it. There is a Syringe SMNP fix d in the Stock of 
the Gun, by which the Air is injected into the Cavity between 
the two Barrels through the Valve EP. The Ball K is pot 
down into its Place in the ſmall Barrel with the Rammer, as 
in another Gun. At SL is another Valve, which being drawn 
open by the Trigger O, permits the Air to come behind che 
Bullet, ſo as to drive it out with great Force. 

3. If this Valve be open'd and ſhut ſuddenly, one Charge 
of condenſed Air may make ſeveral Diſchatges of Bullets; 
but if the whole Air be diſcharged on one ſingle Bullet, it 
will drive it out more forcibly. This Diſcharge is effected 
by means of a Lock 4/ placed here, as uſual in other Guns; 
for the Trigger being pull'd, the Cock 4 will go down, and 
drive a Lever o, that will open the Valve, and let in the At 
upon the Bullet K. N 

4. The Magazine Alx - Gu is the Invention of an ingeniov3 
Artiſt, whoſe Name is L. Co/be, By his Contrivance ten 2 

Whic 
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which being perforated length-ways to the Middle i 


Point under each Barrel, does there, through a 
ſmall Hole, by a Bladder- Valve, tranſmit the 
Air from the Receiver into each Barrel to be 
pump'd out by paſſing through the Hole in the 
deſcending Piſton. Theſe Holes in the Piſtons 
and Bottoms of the Barrels are cover'd with 
Valves, to prevent the Return of the Air into 
the Receiver. 11 is the Mercurial Gage, or 
common Barometer, immerſed in à Baſon of 
Mercury mm fix'd in the Bottom of the Frame; 
and at top communicates with the Receiver; 
which therefore ſhews how much the Reeeiver is 
exhauſted by the Riſing of the Mercury in the 
Tube, by a graduated Scale affixed thereto. The 


lets are ſo lodged in a Cavity near the Place of Diſcharge; 

that they may be drawn into ti e ſhooting Barrel, and ſucceſ- 

ſively ſhat ſo faſt as to be nearly of the ſame Uſe as ſo many 

ſeveral Guns. In the Figure you have a Section of the Gun, 

as big in every Part as the Gun itſelf; and ſo much of the 

CCC 
ole. 

5. AE EE is Part of the Stock; G is the End of the inject- 
ing Syringe, with its Valve H opening into the Cavity be- 
tween the Barrels, as before. K K is the ſmall ſhooting Bar- 
rel, which receives the Bullets from the Magazine E D, which 
is of a ſerpentine Form, and cloſed on the End D when the 
Bullets 5, 4, &, &, are lodged in it. The circular Part IA Mi 
is the Key of a Cock, having a cylindric Hole through it IK, 
which is equal to the Bore of the ſmall Barrel, and makes a 
Part of it in the preſent Situation. 

6. When the Lock is taken off, the ſeveral Parts Q, R, 
T. S. W. Sc. come into View, by which means the Diſcharge 
is made by puſhing up the Pin P p, which raiſes and opens a 
Valve V, to let in the Air againſt the Bullet I from the Ca- 
vity F, F, F; which Valve is immediately ſhut down again by 
means of a long Spring NN of Braſs. This Valve V being 
a conical Piece of Brafs, ground very true in the Part whictt 


You. | aka E Stop-cock 
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Stop-cock nn, alſo, communicates with the Re: 
ceiver, and conſequently with the Swan-Neck 
and Mercurial Tube: Its Uſe is, by turning the 
Cock; to re-admit the Air, when there is Occa- 
fion. The Receiver is ground true on the Bot- 
tom, and is fix d on the Pump at firſt by means 
of wetted Leathers, to exclude the Air, inſtead 


of Cement formerly uſed for that purpoſe. 

Bur with how much more Conveniency, and 
leſs Expente, Pneumatical Experiments of all 
Kinds may be perform'd, by a New, Elegant, 
and Portable Air- Pump, which T have lately con- 
trived and made, will be eaſy to apprehend from 
4 bare View of the Figure thereof : In which A B 
is the Head or Part containing the Wheel, 


receives it, will of itſelf be ſufficient to confine the Air. 

7. To make a Diſcharge you pull the Trigger zz, which 
throws up the Seer y, and diſengages it from the Notctk' æ, 
upon which the ſrong Spring WW moves the Tumbler T, 
to which the Cock is fix'd. This by its Eud & bears down the 
End v of the tumbling Lever R, which by its other End = 
raiſes at the ſame time the flat End / of the horizontal Le- 
ver Q; and by this means, of courſe, the Pin P p is puſh'd 
up, which ſtands upon it, and thus opens the Valve V, and 
diſcharges the Bullet. This is all evident from a bare View 
of the Cut. | 

8. To bring in another Bullet to ſucceed I inflantaneouſly, 
there is a Part call'd the Hammer H, which by a ſquare Hole 
goes on upon the ſquare End of the Key of the Cock, and 
turns it about ſo as to place the cylindric Bore of the Key IK 
in any Situation required. Thus when the Bullet is in the 

Gun, the Hammer ſtands as in the Figure, where the Bore of the 
Key coincides with that of the Barrd KK; but when the 
Ball is diſcharged, the Hammer H is inſtantly brought down 
to ſhut the Pan of the Gun, by which Motion the Bore of the 
Key is turn'd into the Situation 7+, ſo as to coincide now with 


the Orifice of the Magazine; and upon lifting the Gun up- 


right, the Ball next the Key tumbles into its Cavity, and falls 
behind two ſmall Ends ,, of two tender Springs, which => 
| | Whic 


PNEUMAT ICS. 


which alternately raiſes and depreſſes the Piſtons 
CD in the Barrels EF, which are ſtrongly 
preſs'd down by the faid Part A B, ſupported 
on the two Pillars G H, fix*d into the Bed or 
Bottom of the Machine IK L. On this Bottom 
ſtands the Receiver MN on a large ſmooth Braſs 
Plate, in the Middle whereof is a Hole, by 
which the Air paſſes out of the Receiver into a 
ſmall Tube on the under Part of the Frame, 
and. goes to the Piece O, which communicates 
with the perforated Braſs Piece on which the 
Barrels ſtand, and from which they receive the 
Air to be exhauſted. On the middle Part of this 
Braſs Piece is a Perforation, over which is placed 
a ſmall Receiver PQ, and under it a Baſon of 


Fingers Ends detain it. The Key in this Poſition is ſeen in 


the Figure. Then opening-the Hammer again the Bullet Plate 
is brought into its proper Place rear the diſcharging Valve; XXXI, 


nd the Bore of the Key makes again a Part of that of the 
ſhooting Barrel. . 

9. It evidently appears how expeditious a Method this is 
of charging and diſcharging a Gun ; and were the Force bf 
condenſed Air as great- as that of Gunpowder, ſuch an Air- 
Gun would actually anſwer the End of many Guns, and prove 
the beſt Defence againſt Highwaymen or Robbers that Peo- 
ple are aware of; becauſe when they have Reaſon to ſuſpect 
them, they might then make five or fix Diſchatges before the 

ief can come within Piſtol- hort. 
10. In the Air-Gun, and in all other Cafes where the Air 
is required to be condenſed to a vety great Degree, it will be 
requiſite to have the Syringe of a {mall Bore, wiz. not ex- 
ceeding 4 an Inch in Diameter; becauſe; as has been ſhewn, 
the Preſſure againſt every /qtzare Inch is about 1 5 /b.-and againſt 
every circular Inch it is therefore about 12 45. If therefore 
the Syringe be one Inch in Diameter, when one Atmoſphere 
1s injected, there will be a Reſiſtance of 12 15. againſt the 
Piſton; when 2, of 24 1b.; and when 10 are injected, there 
will be a Force of 120 . to overcome; whereas 10 Atmg⸗ 
ſpheres act againſt the circular Half. Inch Piſton (whoſe Area 


E 2 Mercury 
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Mercury R. in which a ſmall Tube RS (her- 
metically ſealed at one End, and fill'd with 
Quickſilver) is | inverted; and therefore as the 
{mall Receiver PQ is exhauſted, (at the ſame 
time with the large one MN) the Approach of 
the Vacuum will be ſhewn by the Deſcent of the 
Quickſilver in the Tube RS. By the Stop-cock 
T the Air is again let into the Receiver. I take 
this to be the laſt Improvement this Machine is 
capable of, as to its Form; for it conſiſts of only 
ſuch Parts as are Eſſential. And thus conſtruct- 
ed, it may, together with its Receivers, be con- 
tain'd in a Box of a ſmall Size, and comes to but 


a ſmall Price in compariſon of the other Forms. 
(XCVI.) 


is but 3 Part ſo big) with a Force but a 4 Part ſo great, viz. 
301b.; or 40 Atmoſpheres may be injected with ſuch a Syringe, 
as well as 10 with the other. In a Word, the Facility of 


working will be (ceteris paribus) inverſely as the 
T 23 by err 


(XCVI) 1. I ſhall conclude this Subject with a few Articles 
relating to the Rarefaction of the Air in the Recipient in 
working the Machine ; for the Reader muſt not ſuppoſe that 
all the Air can be exhatiſted, if the Pump be ever ſo good, or 
work'd.ever ſo long. The Reaſon is evident when we con- 
ider, that the Air which is exhauſted is only 'd out by 
the Spring of that which remains behind : If therefore every 
Particle were ſuppoſed to be exhauſted, the laſt would be ex- 
pell'd without an Agent, or there would be an Effect without 
a Cauſe; which is abſurd. 

2. Let the Capacity of any Receiver be to that of the 
Barrel as C to 1. Alſo let the Rarefaction of the Air which 
remains in the Receiver be to the common Air as R to 1, at- 
ter any Number of Turns or Exſuctions N. Then, upon 
raiſing the Piſton, the Air will raſh into the Barrel, and ſo 
Nr now be rarified in the. Ratio of C to C + 1, or of 1 to 
I 
= ; and fincs this is the Ratio of the RarefaQtion by every 
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PNEUMATICS. 


Exſuction, tis evident it will be the common Ratio of a Geo- 
metrical Series of Rarefactions produced by the ſeveral 


Turus of the Winch, viz. The Series 1 : 


I 

— n' WITT 6 8 6 

S C x 

(EI; Sl , e. E = tas Term of the 

Series, which therefore as it expreſſes the laſt Rarefaction will 
N 

be equal to R. that is R= SE 


3. Hence from the known Property of Logarithms we have 


C aol At. Ra FE 
LR=NxbL. 2 = IX x L. C + 1— L. C; 


C 


hence, N. Wherefore f C= 1, 
L. C1 -L. C 


that is, if the Capacity of the Receiver be equal to that of the 


Barrel, we ſhall have N ==. Conſequently, if R ex- 


preſs any Degree of Rarity propoſed, as 1, 2, 3, 4, 5,6, Cc. 
we have N the Number of Turns or Exſuctions to effect it. 

4. And from hence the following Table is conſtructed ; in 
which the firſt Column expreſſes the Rarity of the Air in the Re- 
ceiver, and the ſecond the Number of Turns to produce it. 


„Number of „ . | Number of | p „ | Number of 
Rarity. Turms. "OA, Turns. | Rarity. | Tarss. | 

WRC ENTIRE Bu ly Ts: 

I o. 60 | $,907 goo | 9,814 

13 1. 64 5. 1000 | 9,966 

3 | 1,585 70 | 6,129 | 1024 | 1o. 
4 $; 80 6,322 | 2000 | 10,966 
5 2,322 | 90 6,492 2048 | 11. 
2,585 100 6,044 | 3000 | 11,551 | 
| 7 | 2,807 | 128 | 7. _ | 4000 | 11,966 | 
8 3. 200 7,644 {| 4096 | 12. | 

3 3,170 256 8, | 5000 | 12,288 
19 3,322 | 300 8,229 | 6000 | 12,551 
10 4: 400 8,644 7900 12,773 
20 | 4,322 | 500 8,966 | $000 | uw, 

\ 30 4,997 | 512 9. $192 | 13 | 
32 5. 600 9,229 | gooo | 13,136 
40 5.322 | 700 9,451 [roooo | 13,288 

| 50 5,044 | 800 | 9,644 116384 | 14. | 
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5. From this Table we may obſerve, that if any Number 
in the firſt Column be taken in Geometrical Progreſſion, the 
correſponding Numbers of the ſecond will be in Arithmetical 
Progreſſion. Thus againſt 2, 4, 8, 16 in the firſt, you ſee 
1, 2, 3, 4 in the ſecond Column. 

6. When the Capacity of the Receiver exceeds that of the 
Barrel, then the Number of Turns N to produge a given Rare- 
faction R will be greater than before. Therefore if the Num- 


propoſed. Now fince SL we ſhall have » x m = 
=N= .. —— ; whence we have 
g L. 2. a L. C 1— LC | F 2 
2 L. 2 bd 
r 
7 From hence a Table of Multipliers expreſſing the Value 
of , when the Receiver is in any given Proportion larger 


than the Barre]; is eaſy to be conſtructed. Of which the fol- 
lowing is a Specimen. 9.45 } 


Capaciry Capacity Capacity | 
of Re-| Multiplier. | of Re Multiplier. | of Rr. ll. nie. 
ceiver cei ver. I ceiver. | 
EY I. 20 14,297 300 | 208,291 
2 1,710 30 21,139 |. 400 | 277,605 
3 2,409 40 28,071 500 | 346,920 
4 3,106 50 35,003 6c o [| 416,235 | 
5 | 3.802 bo | 41,934 | 700 | 485,549 | 
6 | 4497 | 70 | 48,856 | 800 | 554,864 | 
7 | 5.191 8 | $55,798 | goo | 624,179 
8 5,385 90 62,729 | 1000 693,44 
9 | 6,579 | 100 | 69,661 | 
10 | 7,273 | 2co 138,976 


8. By means of theſe two Tables, thoſe who know. no- 
thing of Alzebra may find how many Turns are neceſſary to 
the Air in the Receiver to any given Degree, when 

the Ratio of tHe. Receiver's Capacity to that of the Barrel is 
k For Example: Let the Receiver be 10 times as big 
as the Barrel, and let it be required to find how many Turns 
of the Winch will rarify the Air 100 times. Firſt ſeek tho 
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Number that will do it when the Receiver is equal to the Bar- 
rel ; which I find by the firſt Table is 6 Turns, and 644 Parts 
of 1000 of another. Then, againſt 10 in the ſecond Table, 
I rind the Multiplier 7,273, by which if I multiply 6,644, 
I ſhall have a Product 48,322, which will expreſs the Num- 
ber of Turns required. 

9. The Aſcent of the Quickſilver in the Gage of the Com- 
mon Pump is proportional to the Quantity of Air drawn out, 
either upon the Whole, or upon any ſingle Turn of the 
Winch : And the Deficiency from the Standard Altitude of 
294 Inches is always proportional to the Quantity of Air re- 

maining in the Receiver; as may be eafily deduced from 
what has been ſaid of the Denſity, Spring, and Preſſure of the 

10. The Gage of a Condenſer will have the Spaces unpoſ- 
ſeſs'd of Quickſilver at the End decreaſing in Harmonical Pro- 
portion: For fince equal Quantities of Air are injected by the 
Syringe at each Stroke of the Piſton, the Quantity of Air in 
the Condenſer will increaſe in Arithmetical Progreſſion, and 
ſo will its Denſity, and of courſe the Denſity of that in the 
End of the Gage, becauſe the Quickſilver is preſs d on each 
Side equally ; but the Spaces diminiſh as the Denſities increaſe, 
as we have elſewhere ſhewn. "Therefore the Spaces are in- 
verſely as a Series of Terms in Arithmetical Progreſſion, and con- 
ſequently are in Muſical Proportion; for that this is a Property - 
of Mufical Terms will be ſhewn in Annor. CIX. | 
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LECTURE VII. 
The Doctrine of Winns and SounDs, 


Of Wiwp in general. The Trrory of Winds 
by Dr. Haluev. Of the Conſtant, or General 
Trapet Winvps of the Monsoons ; tbe Cauſe 
of VARIABLE WIN DS. Of Atrial Tips. 
Of the VELocity of Wind. Of the Moux- 
TUM or Force of Wind, A CarculaTion 
thereof, and its APPLICATION 70 the Sails of 
a Winp-Mitt, The beſt Fox u and Post rio 
of the Sans. A CALCULATION of the Force 
of BeLLows in impelling Wind, A New In- 
vention of WaTEx-BELLows. | The Nature of 
Sound in general, The SENSATION of SOUND. 
The Orxcan or HEakinc deſcribed, Of the 

Waves or PuLszs of Alx. Their Various 
PROPERTIES explain d. The NEwTONIan 
DocTtrineE of ViBRaTiONS and TrEMORS 
of SounDING BoprESs explain'd. The Waves 
of WATER accounted for. Of the VELocity 
of Sounrs. The Disraxc to which they 
may be beard. Of Ecno's. Of the Set axinG 
TRUMPET of thebeſt Form. Of OTacousTic 
InSTRUMENTS. Of the Note, Tos, or 
Tuxt of Souxps. Of Concorbs and Dis- 
coxps; the RATIONALE of the D1aTtoxic 

| SCALE 


Of Winps and SouUNDs, 


ScaLs of Music. The Mathematical Tuzory 
of Musical Crorps, and of Harmonic 


PrororTIOns. Of the Sympathetic VIER a- 
ions of Musical STRINGS, and other 


Bodies. 


Winp and Souvp in general; and of the 
Vibrations of Muſical Strings and Sonorous 
Bodies, with regard to the Science of 
MUSIC. ; | 
WIND is a Scream or Current of Air: As the 
Air is a Fluid, its natural State is that of Ref, 
which it endeavours always to keep or retrieve by 
an univerſal Equilibrium of all its Parts. When, 
therefore, this* natural Equilibrium of the Atmo- 
ſphere happens by any means to be deſtroy'd in 
any Part, there neceſſarily follows a Motion of 
all the circumjacent Air towards that Part, to 
reſtore it; and this Motion of the Air is what we 
call Wind. (XCVII.) 


| this Lecture J ſhall conſider the Nature of 


(XCVTI) 1. I ſhall here give the principal Phænomena of 
the Wind, as they are deduced from Dr. Halley's admirable 
Hiſtory thereof in the Philoſophical Tranſafions, and illuſtrate 
1 by his Map of the World drawu up for that Pur- 

4 b 


2. The Firſt is, That in the great Pacific or Weftern Ocean, 
the Atlantic and Ethiopic Seas, there is a general Eaſterly Wind 
all the Year long, without any conſiderable Variation ; ex- 
cepting that it is ſubject to be defleted therefrom ſome few 
Points of the Compaſs towards the North or South, according 
jo the Situation of the Place. The Reaſon is, becauſe the 

arts under the Equator are more heated and rarified than any 
others, as above mention'd. 

3. The Second is, That on each Side the Equator, to 

Hy, 
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Hencx, with reſpect to that Place where the 
Equilibrium of the Air is diſturb'd, we ſee the 
Wind may blow from every Point of the Com- 
paſs at the ſame time; and thoſe who live Nori b- 
wards of that Point have a North Wind; thoſe 
who live Southwards, a South Wind; and ſo of 
the reſt: But thoſe who live on the Spot, where 
all theſe Winds meet and interfere, are oppreſs'd 


about 27 or 30 Degrees, the Wind does more and more de- 
dine from the Eaſt to the North-Eaſt on one Side, and South- 
Eaſt on the other; occafion'd by the two contrary Motions 
of the Air, ariſing from Heat and Cold, as above explain'd, 
Theſe Winds are indicated by the Poſition of the Arrows in 
the Atlantic and Pacific Ocean in the Map. 

4. Towards the Caribbee Iſlands, on the American Side of 

the Atlantic Ocean, the aforeſaid North-Eaſt Wind becomes 
ſtill more and more Eaſterly, ſo as ſometimes to be Eaſl, 
ſometimes Eaſt by South, but moſtly Northward of the Eaſt 
a Point or two, ſeldom more. It is likewiſe obſerved that 
the Strength of theſe Winds does gradually decreaſe as you 
ſail to rye eſtward. 
5. All along upon the Coaſt of Africa on the Weſtern Side, 
the Wind ſets in upon the Land from various Points of the 
Compaſs, North-Weſt, Weſt, South by Welt, South-Weſt, 
and almoſt South, Schl toward the Cape of Good Here 
all which is eaſily ſeen in the Map. 

6. In the Atlantic Ocean, towards the North of the Line, 


between 4 and 10 Degrees of Latitude, and 20 and 30 01 


Weſt Longitude; there is a Tract of Sea where the Wind; 
are not properly {aid to be conflant or variable; for it ſeems 
to be condemn'd to perpetual Ca/ms, attended with terrible 
Thunder and Lightning, and Rains, ſo frequent that our Na. 


vigators from hence call this Part of the Sea the Rains, 2 


by others they are call'd the Caums and Toxnapots, 2 
in moſt of our common Maps. The Reaſon of this ſeems to 
be, that this being the Place where the Eafterly and Weſterly 
Winds commence, the Air is divided and held as it were 
_Equilibrio between both; by which means it is render'd more 

than the reſt, and too light to ſuſtain the Vapours raiſe! 
into it, ſo that it lets them deſcend in continue! Reins. dee 
m 


with 
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with turbulent and boiſterous Weather, Whirl- 


winds and Hurricanes; with Rain, Tempeſt, 


Lightning, Thunder, &c., For ſulphureous Ex- 


halations from the South, Torrents of Nitre from 


the North, and agueous Vapours from every Part, 
are there confuſedly huddled and violently blend- 
ed together.; and rarely fail to produce the Phe- 
nomena abovemention'd. 


7. In the Indian Ocean the Winds are partly General, as in 
the Allantit and Ethiopic Oceans; and partly Periodical, that 
is, ſuch as blow one Half of the Year one Way, and the 
other Half of the Year near upon the oppoſite Points : And 
theſe Points and Times of ſhifting are different in different 
Parts of this Ocean. Theſe Winds are call'd by Seamen 
Meonſons or Monſoons. | 

8. Between 10 and 30 Degrees, from Madagaſcar to New 
Holland, the general Trade · Winds about South-Fafſt by Eat 
are found to blow all the Year long in the ſame Manner, and 
far the ſame Reaſons as in the other Oceans'above-mention'd. 

9. During the Months of May, : Tune, July, Auguſt, Sep- 
tember, October, the aforeſaid South-Eaſt Winds extend to 
within two Degrees of the Equator ; after this, for the other 
ix Months, the contrary Winds ſet in, and blow from the 
North&Weft from the Latitude of 3 to 10 Degrees South. 

10.From about three Degrees South Latitude, over all 
the Arabian and Indian Seas and Gulf of Bengal, from Su- 
natra to the Coaſt of Africa, there is another Monſoon, blow- 
ing from O#ober to April on the North-Eaſt Points; but in 
the other Half-Year, from April to Octoler, from the oppoſite 
Points of South-Weſt and Weſt-South- Weſt, and tha: with ra- 
ther more Force'than the other, accompanied with dark rain 
Weather, whereas the North-Eaſt blows clear. | 

11, The Sea between Madagaſcar and Africa, and South- 
wards to the Equator, is ſubject to the ſame Change of Wind, 
or Monſoons, whoſe Courſe from April to October is South- 
South-Weſt ; which, as you go more Northerly, becomes 
more and more Weſterly, till at laſt they fall in with the Weſt- 
South-Weſt Winds mention'd in the laſt Articles. What Winds 
blow the other Half-Year in thoſe Parts, the Doctor could 
not obtain any ſatisfactory Account of; only that they were 
Eaſterly, and. as often to he Nerth as to the Southward 


ih WY thereof, «i | : Many 
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Maxx are the particular Cauſes which produce 
Wind by interrupting the Equipoiſe of the At- 
moſphere ; but the moſt general Cauſes are two, 
viz. Hear, which, by rarifying the Air, makes 
it lighter in ſome Places than it is in others; and 
Col p, which, by condenſing it, makes it heavier. 
Hence it is, that in all Parts over the Torrid Zone, 
the Air being more rarified by a greater Quanti- 


ty of the Solar Rays, is much lighter than in the 
other Parts of the Atmoſphere, and moſt of all 


over the Equatorial Parts of the Earth. And 


12, To the Eaſtward of Samatra and Malacca, on the 
North Side of the Equator along the Coaſt of Cambeia and 
China, the Monſoons blow, change at the ſame Times 
as before; only their Directions are much more Northerly 
and Southerly than the others, as is eaſy to obſerve in the 
Map. Theſe Winds reach to the Philippine Iſlands Eaſtward, 
and to Jaan Northwards ; and are not ſo conſtant to their 
Points as the others above-mention'd. 

13. Between the ſame Meridians, on the South Side the 
Equator, from Sumatra to New Guinea Eaſtward, the ſame 
the 
Northerly are here North-welterly, and the SouthelF blow 
from the South-Eaſt, They are not more conſtant than the 
others; and beſides, they keep not the ſame Times, but 
change a Month or fix Weeks later. 

14. The Shifting of theſe contrary Winds, or Monſoons, 
is not all at once; and in ſome Places the Time of the Change 
is attended with Ca/ms, in others with variable Winds, and 
particularly thoſe of China, at ceaſing to be Wetterly, are 
very ſubject to be tempeſtuous ; and ſuch is their Violence, 
that they ſeem to be of the Nature of the VH. India Hur- 
ricanes, and render the Navigation of thoſe Parts very unſafe 
at that Time of the Year. Theſe Tempeſts the Scamen call 
the Breaking uf of the Monſ ons. | 

15. The Cauſe of the Mon/oons, or Periodical Winds, is 


oving he Courſe of the Sun Northward of the Equator 
one f of the Year, and Southward the other. While be 


palles through the ſu Northern Signs of the Ecliptic, the va 
a ſince 
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ſince the Parts at the Equator are moſt rarified 
which are near the Sun; and thoſe Parts are, by 
the Earth's diurnal Rotation Eaſtward, continual- 
ly ſhifting to the eſt ; it follows, that the Parts 
of the Air which lie on the Veſt Side of the 
Point of greateſt Rarefaction, and, by flowing to- 


wards it, meet it, have leſs Marion than thoſe 


Parts on the Eaſt of the ſaid Point, which follow 
it; and therefore the Motion of the Eaſtern Air 


would prevail againſt that of the Weſtern Air, 
and ſo generate a continual Eaſt Wind, if this were 


rious Countries of Arabia, Perfia, India, and China are heat- 
ed, and reflect great Quantities of the Solar Rays into the 
Regions of the ambient Atmoſphere, by which means it be- 
comes greatly rarified, and has its Equilibrium of courſe de- 
ſtroy d; to reſtore which, the Air, as well from the Equatorial 
Parts Southwards, where it is colder, as from the colder 
Northern Climes, muſt neceſſarily have Tendency or Motion 
towards thoſe Parts, and ſo produces the Monſoons for the 
firſt fix Months, during which Time the Heat of thoſe Coun- 
tries is greateſt, 

16. Then for the other fix Months, the Sun tra the 
Ocean and Countries towards the Southern Tropic, while in 
the fix Southern Signs, cauſts the Air over thoſe Parts to be 
now moſt heated and rarified ; and conſequently the Equato- 
rial Airto alter its Courſe, or the Winds to veer quite about, 
and blow upon the oppoſite Points of the Compats. 

17. Theſe are the general Affections of conſtant and regu- 
lar Winds; none of which are found not ſubject to ſome Va- 
riation and Exception, on account of the different Circum- 
ſtances of Heat, Cold, Land, Water, Situation, c. concern- 
ing all which I ſhall refer the Reader to the DoRor's own 
large hiſtorical Account of the Winds, publiſh'd in the Tranſ- 
actions, or Miſcellanea Curioſa, Vol. I. 

18. From what has been ſaid, tis eaſy to underſtand, that 
fince ſo large a Portion of the Atmoſphere as 'is over the 
Torrid Zone, and Parts about it, is in ſuch continual Agita- 
tion and alternate Motion, thoſe Agitations in an elaſtic Fluid 
mult extend every way to a great Bilance, and produce Ef- 
ſocts of the fame Kind in a various Manner; by which means 


all 
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all the Effect of that Rartfaction. But we are to 
conſider, that as all the Parts of the Atmoſphere 
are ſo greatly rarified over the Equator, and all 
about the Poles greatly condenſed by extreme Cold, 
this heavier Air from either Pole is conſtantly 
the Air in all other Latitudes and Climes will ſuffer a Pertur. 
bation more or leſs, and have a perpetual Tendency to Mo- 
tion in various Directions, depending on the Situation of 
Country, the Degrees of Heat and Cold in the Climate, the 


- Poſition of Hills, Vales, &c. beſides what may be owing to 


the Accenſion and Exploſion of Meteors, the Eruption of 
ſubterranean Air, and a hundred other Cauſes : I fay, from 
all this it is eaſy to infer, that our Climate, wherever wwe live, 
ouſt neceſſarily be attended with variable Winds, almoſt perpe- 
tual, 


I ſhall only add farther, that fince the Atmoſphere is a 
avitating fluid Subſlance, it muſt be ſubject to the attracti 
ower of the Sun and Moon, as well as of the Earth; 

therefore when the Influence of thoſe Luminaries, either fingly 

or conjointly, is oppoſite to that of the Earth, the ſame 25 

ſects muſt follow in the Body of fluid Air, as we have ſhewn 

were uced in the ambient Fluid of Water, vi that the 

Atmoſphere ſhall be of an oblong Figure, or of different - 

titudes in different Parts; and that theſe Tides of Air have 

nearly all the fame Affections with thoſe of the Ocean before 
explain'd, excepting only in this, that they muſt be as much 
greater as the Denllty © Water exceeds that of Air, vix. in 
the Ratio of 860 to 1. p 1 | 

20. Now becauſe of an Equality of Preſſure or Weight 
in the Atmoſphere in unequal Altitudes of Air, we can 
never be ſenſible of an Aerial Tide, either of Ebb or Flu, 
by the Barometer; and can only know it by the Poſition 
of the Heavenly Bodies. However, as this prodigious 

Protuberance of the Atmoſphere is conſlantly following 11 

Moon, it muſt of courſe produce a Motion in all Parts, 

ſo produce a Wind more or leſs to every Place, which as it 

conſpires with, or is oppoſed to the Winds arifing from other 

Cautes, makes them greater or leſs, And I believe ſome: 

thing of this may be deduced from Obſervations made of the 

State of the Air at the Times of the New and Full Moons. 
And that this was the Caſe in reſpect to the two laſt great 
Storws,, Dr. Mead has obſerved in his Tra De Imperio Soi 
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flowing towards the Equator; to teſtore the Ba- 
lance deſtroy d by the Rarefaction and Levity of 
the Air over thoſe Regions: Hence, in this re- 
ſpect alone, a conſtant North and South Wind 
would be generated (XCVIII). 


XVII 1. I find by Experience, that People have in ge- 
2 but — obſcure Idea or confuſed Notion of the Gauss ot 
this perpetual Current of Air from Eaſt to Weſt, or of 4 
conſtant Eaſt Wind under the Equator ; therefore in order to 
elucidate this Matter, I ſhall repreſent it in, and explain it by, 
a Figure. Let CBADE be Part of a Section of the Atino- plate 
ſphere over the Equator, C the Eaſt, E the Weſt, & the Point xXXIII. 
to which the Sun 8 is vertical, and R the Point of greateſt Fig. 1. 
Rarefaction, or that where the Air is moſt of all heated, and 
conſequently lighteſt. 4 | ; 

2. That this Point R is on the Eaſtern Side of the Point A 
is not difficult to be conceived, when what is ſaid concernin 
the Tide in Arnot. LXXXIV. is well conſider d. And becauſe 
the Air at R is by Suppoſition lighter than where it is colder at 
C and D, it is plain that, in order to maintain an Equilibrium, 
(which is neceſſary in a fluid Body) the Air by its _ 
Weight will have a Tendency from C — 2 „ and 
rife to a Height. there greater than at C or D, in proportion 
as its Denote leſs. a 

3. Now this being the Caſe, it is evident, the Sun being 
always between the Paine R and D, will be heating the Air 
on that Part ; and thoſe Regions between R and C, having 
been deſerted by the Sun, will grow cold: Conſequently, the 
Air between C and R, as it is colder, will likewiſe be hea- 
vier than that between Rand D which is hotter, and ſo will 
have a greater Momentum, or Quantity of Motion, towards 
the Point R; and fince this Point R is conſtantly moving after 
the Point A Weſtward, the Motion of the Weſtern Air to- 
wards it will be in part diminiſh'd by that means; and being 
alſo inferior in Quantity to the Motion of the Eaſtern Air, the 
latter will prevail over it, and be conſtantly following the 


ſaid Point R from Eaſt to Weſt, and thus produce a continual 
Eaſt Wind. 


+ 4: It may perhaps be here ſaid, that though the Motion 
; of the Air he leſs from D to R, yet it is ſomething, and ſo 
5 there ought to be a Weſtern Wind, at leaſt in ſome Degree, 


and to ſome Diſtance Weſtward of the Point R. To which 
anſwer, That the Nature of à Fluid will not permit two 
Now 
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Now it is eaſy to underſtand, that by a Com- 
poſition of theſe two Directions of the Air from 
the Eaſt and North, a conſtant Nortb-Eaſt Wind 
will be generated in the Northern Hemiſphere, 
and a conſtant South-Eaſt Wind in the Southern 
Hemiſphere, to a certain Diſtance on each Side 
the Equator, all round the Earth. And this 
Caſe we find to be verified in the General Trade 
Winds, which conſtantly blow. from the North- 
Eaſt and Soutb-Eaſt, to about 30 Degrees on 
each Side the Equator, where thoſe Parts are 
over the open Ocean, and not affected with the 
Reflection of the Sun-Beams from the heated 
Surface of the Land; for in this Caſe the Wind 
will always ſet in upon the Land, as on the Coaſt 


contrary Motions to reſtore or ſuſtain an Equilibrium, (I mean 
in regard of the whole Body of it) for wherever one Part of 
the Fluid is determined to move, all the reſt muſt neceſſarily 
follow it ; otherwiſe the Equilibre of the Air would be de- 
ftroy'd in one Part; to make it in another; a Defect 
which Nature cannot be guilty of. Thus we ſee the Tides 
of the Ocean always follow the Courſe of the Moon from 
Eaſt to Weſt, without any Motion of the Waters from the 
Weſt towards the Moon, in the open Oceans : And the Point 
R can only be conſider d as the Aerial Tide, or Flood of - High 
STING: Go Mme Femmes with Aquece 


5- This being clearly underſtood, all the reſt is eaſy ; fot 
no one can find it difficult to conceive how the cold Air from 
each Pole muſt neceſſarily ſet in towards the Equator directh), 
where meeting, and interfering with the Eaſtern Current, it 
does with that compound a new DireQion for the moving Air, 
which hes between both the former, wiz. a North Ea Cur- 
rent on the North Side, and a Soxth-Eaft one on the South 
Side : All which reſults from the Dr&rine of ibe 


Compoſtrien of oblique Forces. (See Anne. XXIV) 
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of Guinea, and other Parts of the Torrid Zone, 
we know it does (XCTX). 

As the Motion of the Air has a greater or 
leſſer Velocity, the Wind is ftronger or weaker ; 
and it is found from Obſervation, that the Ve- 


locity of the Wind is various, from the rate of 
1 to 50 or 60 Miles per Hour (C). 


(XCIX) Mr. Clare, in his Motion of Fluids, has a very per- 
tinent Experiment for illuſtrating this Matter. It is thus: Let 
there be a very wide Diſh or Veſſel of Water, in the Middle 
of which is to be placed a Water-Plate fill'd with warm Wa- 
er; the firſt will repreſent the Ocean, the other an Iſland 
rariſying the Air above it. Then holding a Candle over the 
Wco'd Water, blow it out, and the Smoke will be ſeen to move 
awards the warm Plate, and riſing over it will point out the 
*ourſe of the Air from Sea to Land. And if the ambient 
Vater be warm'd, and the Plate fill'd with cold Water, and 


he ſmoaking Wick of a Candle held ovet the Plate, che con- 
Wrary will happen. 


(C) 1. The Experiment to prove this, is to chuſe a free 
dpen Place, where the Current of Air, or Wind, is not at 
all interrupted, but flows uniformly, or as much ſo as the 

ndulatory State of the Atmoſphere will admit; in ſuch a 
lace, a Feather, or ſome very light Body, is to be let go in the 
Vind, and then by a Half. Second Walch, or Pendulum, you 
bſerve nicely to what Diſtance it is carried in any Number 
f Half-Seconds; or in how many Half Seconds it has paſs'd 
Prer a given or meaſured Space; this will give the Rate of 

'elocity in the Wind per Second, and of courſe per Hour. 

2. The late Rev. Dr. Derbam, who was moſt accurate in 
aking Experiments of this Sort, approves of this Method 
defore that of the Mela alata or pucumatica invented by Dr. 

20% (of which ſee an Account in the Philoſophical Tranſactioni 
N. 24.) And he tells us (in No. $13.) that he thus mea- 
ured the Velocity of the Wind in that very great Storm of 
1705, Auguſt 11. and by many Experiments he found, that 
t was at the Rate of 33 Feet per Half-Second, br of 45 Miles 
der Hour; whence he concludes, that the moſt yehement 
Wind (as that of 1703 in Nowtmber) does not a at the 

ate of above 50 or 60 Miles er Hour; and that at a Me. 


Vot.; M. F Tis 
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Tuvus much may ſuffice for a general Account 
of the Nature and Origin of Winds : We proceed 


dium the Velocity of Wind is at the Rate of 12 or 15 Miles 


per Hour. 


3. And ſometimes the Wind is ſo flow as not to exceed 
the Velocity of a Perſon riding or walking in it; and in that 
Caſe, if the Perſon goes with the Wind, he finds no Wind 
at all, becauſe there is no Difference of Velocity, or no re- 
lative Wind, which is that only that we are ſenſible of whilſt 
in Motion; the Reaſon of which we ſee in Aunotat. XX. 

4. The beſt Method, that I know of, to bring the Force 
of the Wind to a Mathematical Calculation and Certainty, is 
by the following new contrived Ax EM OScorER, of which I 
had the firſt Hint from my ingenious and generous Friend 
Dr. Burton of Windſor. ABCDEFGHTI is an open Frame 
of Wood, firmly ſupported by the Shaft or Poſtern I. In 
the two Croſs-Pieces HK, LM, is moved an horizontal 
Axis QM, by means of the four Sails a6, cd, ef, gh, in 
a proper Manner expoſed to the Wind. Upon this Axis is 
fix'd a Cone of Wood, MN ©; upon which, as the Sails 
move round, a Weight S is raiſed by a String on its Superfi- 
cies, proceeding from the ſmall to the largeſt End N O. Up- 
on the great End or Baſe of the Cone is fixed a Ratchet- 
Wheel 74, in whoſe Teeth falls the Click X to prevent any 
retrograde Motion from the depending Weight. 

5. From the Structure of this Machine, tis eaſy to un- 
derſtand, that it may be accommodated to eſtimate the vari- 
able Force of the Wind, becauſe the Force of the Weight 
will continually increaſe, as the String advances on the co- 
nical Surface, by acting at a greater Diſtance from the Axis. 
And therefore, if ſuch a Weight be put on, on the ſmalleſt 
Part at M. as will juſt keep the Machine in Egui/ibrio with the 
weakeſt Wind; then, as the Wind becomes ſtronger, the 
Weight will be raiſed in Proportion, and the Diameter of 
the Baſe of the Cone NO may be ſo large in Compariſon 
of that of the ſmaller End or Axis at M, that the ſtrongeſt 
Wind ſhall but juſt raiſe the Weight to the great End. 

6. Thus for Example, let the Di er of the Axis be 
to that of the Baſe of the Cone NO as 1 to 28, then if 8 
be a Weight of one Pound at M on the Axis, it will be equi- 
valent to 28/5. or +; of an Hundred, when raiſed to the 

eateſt End. If therefore, when the Wind is weakeſt, it 
— 1g. on the Axle, it muſt be 28 times as ſtrong to 
raiſe the Weight to the Baſe of the Cone, T'bus may 2 
| . | now 
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now to the Doctrine of Sounds, We know by 
the Experiment of the Bell in the exhauſted Re- 


Line or Scale of 28 equal Parts be drawn on the Side of the 
Cone, and the Strength of the Wind will be indicated by 
that Number therein from which the String ſhall at any time 
hang. 
» Furthermore, the String may be of ſuch a Size, and 
the Cone of ſuch a Length, that there ſhall be 16 Revolu- 
tions of the String between each Diviſion of the Scale on the 
Cone; ſo will the Strength of the Wind be expreſs d in Pounds 
and Ounces, And if greater Exactneſs be required, let the 
Periphery of the Cone's Baſe be divided into 16 equal Parts, 
then whenever the Equilibrium happens, the String will leave 
the Conic Surface againſt one of thoſe Diviſions, and thus 
ſhew the Force of the Wind to a Dram Awerdupois Weight. 
8. Having premiſed thus much relating to the Structure 
and Nature of the Inſtrument, I ſhall now proceed to a more 
particular Examination of the Theory of Wind-Mills, by re- 
aſſuming what we have formerly ſaid on that Head (See 
Arnotat. XLV.) Therefore let In (parallel to the Axis 
Q M) =a, repreſent the whole Force of the Wind on the 
Sail z this Force is reduced to /, and this again to uo, which 
acts normally to the Axis, and turns the Sail. Alſo we have 
ſhewn, that, putting mz » = x, this Force which turns the 


l 
Sail is expreſs'd by ———— =; and that when it was 4 


Maximum, v0 © 0 - and the Angle /mn= 
3 3 


54 44/. 
9. Hence we obſerve, that when the Mill is in its greateſt 
| GI" — 
Perfection, {n= Vaa—xx = r — 
hence the whole Force in the Direction /m is to the 4.42 
reduced, in the Direction Ia, as /m* to /n*, or as a* to 


+ 5 "Reb | 
7 1 to —, wiz, as 3 to 2. 


10. Again, the whole Force in the Direction 1 is to 
the ſame a ſecond Time reduced in the Direction = o, as a*® 
3 7 9 

to EDD, that is, as 6* was VA, or as 1 2 


== nearly; or, the Force thus reduced is to the 
Fi eee, 
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ceiver, that Sound has a neceſſary Dependance 
on the Air; and if we reflect on the Nature of 


whole Force as 5 to 13, when the Sails are poſited in the 
beſt Manner. 

11. Now in order to determine the abſolute Force of the 
Wind, we muſt compare it with that of Water, as follows. 
Since Air and Water are both Fluids, if they move with e- 
qual Velocities, their Effects in a given Time will be as the 
Quantities of Matter, that is, (putting the Roman Letters for 
thoſe Particulars in Water, and Italics for the ſame in Air) 
# VSV, then E: E:: M: M. But in equal Quantities of 
Matter, wiz. M= M, their Effects will be as the Squares of 
the Velocities, vi. E: E:: V: (See Annot. XLIX. 17.) 
Therefore, when neither the Velocity, nor Maſſes of Mat- 
ter are known, the Effects will be in a given Time in a Ratio 
compounded of both; that is, E: E:: MV : MV. 

12. Bat we have ſhewn M: M:: DB: DB, (See Anne. 
LVL. g.) therefore E: E:: DBV: DB in a given Time. 
Let us now ſuppoſe B B; then becauſe D: D:: 860: 1, 
(See Annot. LXXXIX. 6.) we have E: E:: 860 W =:F>; 
and laſtly, if we ſuppoſe the Effects to be equal, wiz. E = FP, 
then we have 860 W . Therefore if we put V==1, 
we have 860 V; and ſo V v/ 860 = 29,326; that 
is, The Velocity of Air ought to be ſomenubat more than 29 
Times greater than that of Vater to firike a given Surface 
ewith the ſame Force. 


73. Indeed Mr. Belider makes Y = 251, becauſe he has 

ſtrangely miſtaken the ſpecific Gravity of Air to be —_ in- 
| | 40 

lead of —, on which Account all his Calculations on thi 

Head are very faulty. If V denotes any equable Velocity 

of Water, the Height Hof a Fall neceſſary to produce that 

Velocity is thus found, As 32 1 16(=4):: V: H; 


| 1 
16 7 w H == . 
cr thus, As 1024: 16 :: V T7 z or put 


ting Vt, we have H ==. No a cubic Foot of Wa 


LES #5 | 
ter, whoſe Height is 1, ſtrikes with a Force = 62,56; 
therefore the Force of a Column, wheſe Height is H, ſtriking 


againſt a Surface of one Square Foot is 62.5 . or = 
62,cV* | 
2 when the Velocity is not given. 


the 
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Air, we ſhall find that Sound is nothing but the 


4 v., therefore 2 
14. But (by 4rt. 12) = 75? therefore —— x 


095 62,5 H=0,97615. the Force of a Stroke of a Co- 


lumn of Water whoſe Velocity is V == 1 and of Air, whoſe 
Velocity is Y = 29,3, and Height H= i of a Foot; 
2 

therefore 17 0,976 = 0,00113/* will be a conſtant 
Multiplier to reduce the Force of Wind blowing with any 
Velocity V, on any given Number of ſquare Feet or Area A, 
to Pounds Averdupois Weight. For Example, ſuppoſe the Ve- 
locity of the Wind at the Rate of 20 Feet per Second; here 
V = 20, and = 400, and 0,00113#* = 0,00103 x 
400 ="0,452 of a Pound on a ſquare Foot; and therefore 
on 10 ſquare Feet it will be 4,52 /4.; on 100 ſquare Feet it 
wilt be 45,2 .; on 1000, 452/56. ; and fo on. 

15. Hence, to compute the Force of Wind on the Sails 
of a Mill we proceed as follows: Admit the Length of a 
Sail be 30 Feet, and Breadth 6 Feet, the Area or Surface 
will be 180 ſquare Feet, and 4x 180 = 720 ſquare Feet, 
the Area of the 4 Sails; then admitting the Velocity of the 
Wind the ſame as before, wiz. 20 Feet per Second, the Force 
en each ſquare Foot is o, 45 2, and therefore 0,452 x 720 = 
325,44 /6, This is the abſolute or whole Force of the 
Wind blowing directly on the Sails: But ſince when the Sails 
are ſet right, this Force is diminiſh'd in the Ratio of 13 to 5, 


therefore 75 * 325,44 = 125,17. 
16. Suppoſe the Diſtance from the Axis Q to each Sail be 


5 Feet, then will the Diſtance of the Center of Gravity PQ. 


e 20 Feet; therefore 20 x 125, 17 2503, 40. the me- 
chanical Force of the Wind on the Sails per Second to produce 
the Effects within the Mill, which may be computed as in the 
9 of the Water-Mill, Aunot. XLIV. | 

17. To repreſent theſe Things more generally, let A = 
Area of all the Sails, Y = Velocity of the Wind; then 


0,00113/*A = abſolute Force, which multiplied by 75 is 


0,000435 F* A = Force reduced by the oblique Poſition of 
a e eee 


3 Propa- 


the Particles of a ſonorous Body and thoſe of 
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Propagation of the Tremors and Vibrations of 
the former impreſs'd on the latter, to the Tym- 


form Axle, whoſe Semidiameter is d, keep the Sails in Equi- 
librio with the Force of the Wind; then D being the Pi- 
ſtance of the Center of Gravity of the Sails, we have D: 


W 4 - 
d:: W: 0,0004335Y*A=F= * 
18. But becauſe, when the Machine is in its greateſt Per- 


ſection, the Weight it is charged with is but 4 of W, (See 


Aus. XL.) therefore ; W x 5 =4F = 0,,00193/* A 


=P; then putting r = 0,000193; we have r AP, the 
reduced Force for the greateſt Effect; and = A, the 


* 
FR” 
Area or Surface of the Sails 3 and laſtly, oe Ve- 
* 


locity of the Wind, which therefore may be found by having 
A and P given. | | 

19. Let $W = u, the Velocity of which Weight let be 
1; then 3 = Velocity of the Center of Gravity of the 


Sails; then — x P = # x 8, whence any one of the four 
Terms may be found, the reſt being given. Alſo P = 


2 , pr 32 = VA; whence again any one 


of the four Qxantities A, V, ww, u, may be found, the others 
being known. * 

20. Since the Force of the Machine is as AX Y * D, it 
will be a Maximum when A x D is greateſt, the Velocity of 
the Wind J remaining the ſame; and if A be given, the 
Maximum will be when D is greateſt of all. Hence it ap- 
pears, that if we are not Ku i (p77 Ohad Diſtance from 
— Axis Q for adjuſting the Sails, we may diſpoſe the given 
A into the Form of an A Ge Triangle in each Sail, 
wiz. ſuch as ABC D, inſtead of equal Parallelogram- Sail 
abcd in common Uſe ; for in the 'Triangular Sail the Center 
of Gravity is at P, and its Diſtance is QP; whereas in the 
Rectangular Sail ab c the Center of Gravity is in the mid · 
dle Point , and its Diſtance is Qp, much lem than before, 
21. For Example, let ab = 6' Feet, and bc = 30; then 
the Area A= 30 Feet ſquare. Let QD equal 5, then ö 
Qp=20.=D, and Ax D = 609. But in the Triznge 
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panum or Drum of the Ear, by the Action of 
V hoſe Membrane they are communicated to the 


lar Sail the Diſtance QP = 35 = D, and therefore Ax D = 
1050. The Force therefore of the ſame Wind upon the fame 
Quantity of Sail, at the ſame Diſtance Q D from the Axis, 
in the Triangular Sail AB C P, is to that on the common 
Sail abcd as 1050 to 600, that is, QP = 35 to Qp= 20, 
or as 7 to 4, which therefore is nearly twice as great. The 
Truth of all is evident by Inſpection of the Figure, and Au- 
net. XXXV. 8, . 

22.' I ſuppoſe it was ſome Conſideration of this Kind which 
led Mr. Parent to propoſe Sails in Form of Elliptic Sectors; 
for the Centers of Gravity in them alſo are removed to about 
two Thirds of their Length, and are moreover better adapted 
to fill a circular Space when placed oblique to the Wind, ſo 
that no Wind be loſt when you would take in all that falls on 
2. ven Space or Area. But for what Reaſon he ſhould declare 
the tranſverſe Poſition of the common Sail to be more advan- 
tageous than the longitudinal one, I am at a Lofs to gueſs, 
However, as T have not ſeen any thing he has wrote on the 
Subject, I ſhall ſay no more of the Matter. 

23. As it would be endleſs to recount all the various Uſes 
which are or may be made of this moſt uſeful univerſal Ele- 
ment of Air, both for Natural and Mechanical Purpoſes; I 
ſhall content myſelf with ſetting before the Reader the The- 
ory of that moſt uſeful domeſtic Inſtrument the BeLLows, 
by whoſe means the Action of Fire, or Intenſity of its Heat, 
may be increaſed to a prodigious Degree. And for this Pur- 
poſe I ſhall have recourſe to the Example of that curious Na- 
turalift Dr. Hales, in his Sgatical Eſſays, Vol. II. Pag. 329. 
which is as follows. a 

24. The Doctor meaſured the upper Surface of a Pair of 
Smith's Bellows, and alſo the Space they deſcended through 
in a Second of Time; by which he found the Quantity of 
Air expell'd in that Time was 495 Cubic Inches in its com- 

eſs'd State. Now to find what Degree of Compreſſion it 

uffer' d, he fix'd a Mercurial Gage to the Noſe of the Bel- 
lows, and found the Force of the compreſs'd Air ſufficient to 
raiſe the Mercury one lach high, at a Mean. Hence it ap- 
pear'd, that the Force with which the Bellows impell'd Air 
into the Fire was 7; of the Weight of the Atmoſphere. 

2 5. Hence alſo it follows, that the Air driven through the 


Noſe of the Bellows in one Second was more than 495 Inches 


by a 74 Part of that Quantity, viz. by 16,5 Inches, which 
F 4 Air 
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Air in the internal Cavities of the Ear, where the 
Auditory Nerve receives the Impreſſion, and ex- 


22ded to the former make 3114 Inches of common Air. To 
find the Velocity with which this Air was impell'd, he mea- 
ſur'd the Area of the Orißce of the Noſe, and by that di- 
v.ded the 495 Inches, which gave for the Quotient $25 
Inches, or 68,73 Feet, for the Length of the Cylinder of 
Air which ruſh'd per Second through the Noſe of the Bellows ; 


which prodigious Velocity of Air acting conſtantly on the 


elaſtic re · acting Particles of Fire mult immenſely increzſe their 
inteſtine Motion, and proportionably augment the Heat, which 
conſiſts therein, and from which our Senſations of this 
Kind are derived, 

26. The Doctor concludes with a Query, Whether if the 
Force with which the Air is impell'd by the Bellows into the 
Organ Pipes were taken in this Manner, we might not eſti- 
mate the Velocities of the Undulations of Air required to 
form the various Notes or Scunds? The Velocity of undu- 
lating Air to that of Water being as their Denſities inverſely, 
nearly, wiz. as $60-to 1, as will be ſnewn farther on. 

27. Mr Martin Triewald of Sweden has lately exhibited a 
new Invention for producing a continual Stream of Air, 
blow the Fire of great Forges, Fourderies, '< and which 
may properly be call d W aTerx-BELLows ; for the Contri- 
vance is two hollow Bell-form Veſlels, ſuſpended from the 
Ends of a Lever, which is put into Motion by a Stream of 
Water running into two Troughs, both uniting or joining ra- 
ther at the Stream, ſo that only one at a time can receive the 
Water; which running to the larger and wider End, laid over 
the End of the Lever, does by its Weight carry che Lever 
down on that Part, till by deſcending the Water all runs out; 
and then the other Trough (which was filling in the mean 
time) preponderates, and forces down the other End of the 
Lever; and thus the Machine is conſtantly kept in Motion. 
28. When one Arm of the Lever is raiſed, the Bell or 
Bellows hanging from it will be raiſed above the Surface of 
Water (in which the Machine is placed) that it may be fill'd 
with Air. Upon the Deſcent of the Lever, the Bell (by 
Weight affix'd to it) deſcends into the Water, by which means 
the included Air is greatly compreſs d. and thereby forced to 
paſs through a long ſmall leathern Tube, going from the Top 
of the Bell to other metalline Tubes, which convey it to the 
Fire. Thus, by means of theſe two librating Bells, a conſtant 
Plaſt of Wind 15 ſupplicd, whoſe Velocity may be increaſed 
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cites the Senſation in the Common SENSORY in 
the Baain (CH). 


or diminiſh'd by proper Contrivances, which the Reader may 
ſee in the Phileſophical Tranſactians, together with a Print of 
the Engine. | | 


(CI) 1. The Structure of the Ear, with its admirable 4p. 
faratus to conſtitute an Organ of Hearing, is well worth the 
Attention of every Man. The external Part is adapted for 
taking in a large Portion of the tremulous Air, which is re- 
flected ſtrongly by a fine, elaſtic, tremulous Cartilage, and by 
this means it is convey*d more denſe and elaſtic to the interior 
Cavity, or Concha of the outward Ear. 

2. The free, hollow, elaſtic Aperture of this Cavity, con- 


ſtructed with proper Muſcles, is by that means capable of be- 


ing expanded, contracted, and every way adapted to receive 
the various Tremors of the Air: And moreover it is fo diſ- 
poſed, that it is able more firmly to unite and condenſe, or 
more laxly to diſperſe or rarify, the ſame aerial Rays, ſo as 
to accommodate itſelf for attemperating a Sound too ſtrong, 
and augmenting it when too weak, as occaſion requires. 

3. The Meatus Auditorius, conſiſting partly of a cartilagi- 
nous and partly of a bony Pipe, conveys the Sound towards 
the interior Parts, and the Obliquity of the Canal increaſes 
the Superficies, and conſequently multiplies the Points of Re- 
flection. Moreover, the triangular cartilaginous Tongue, by 
its elaſtic tremulous Texture, and ere& Poſition in the Hollow 
of the Concha, juſt over the Orifice of the Auditory Paſſage, 
cauſes, by an egregious Mechaniſm, that all the Rays of 
Sound which arrive at the Ear ſhall enter the ſaid Paſſage ; 
and prevents their flying out again by any Reflections what- 
ſoever. Its tubulous cylindro-elliptical Figure, by a ſerpen- 
tine Progreſs firſt aſcending, then deſcending, and then aſcend- 
ing again till it terminates in the Membrane of the Tympanum, 
increaſes the Reflection and Sound, and cauſes that all the ſo- 
norific Rays ſhall at laſt fall united upon the central Point of 
its End; hindering at the ſame time all Senſation of a con- 
fuſed and clangorous Sound. 

4. The Membrana Tympani, or fine Membrane at the End 
of the Meatus Auditerius, is ſo obliquely extended acroſs the 
Paſſage, as above to make an Obtuſe Angle, and below an 
Acute one with the ſaid Meats. Hence the Surface is in- 
creaſed, and render'd more capable of tremulous Concuſſions, 
and of concentring the Rays upon its middle Point. | 
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For the Parts of a ſonorous Body, being put 
into Motion by Percuſſion, do vibrate forwards 
and backwards through very ſmall Spaces, by 
their elaſtic Quality. In this Action, they affect 
the Particles of Air contiguous to them, and 
compel them upon the firſt Impulſe to move 
forwards alſo; and thoſe propel the next, and ſo 


5. This Membrane being expanded upon and connecled 
with the bony Margin of the Meatus, is on the fore Part 
(towards the Mata] concave, and convex behind or on the 
internal Part, where it is applied to the Handle Part of a lit. 
tle Bone call'd the Ma/lews or Hammer, whoſe Head is move. 
able in a bony Sinus on one Part, and on the other it is art 
culated with another little Bone call'd the /xcus or Anvil, 
which freely moves in that Articulation; and on the other 
End it is again articulated with a little orbicular Bone, and 
with the Srapes or Stirrop, which on its Baſe-Part is connet- 
ed to a Membrane ſpread over the Foramen Ovale or ellipuc 
Hole of another bony Cavity call'd the Veſtibulum. 

6. But as it will be impoſſible to give an Idea of this won- 
derful Conſtruction without a Print, therefore let AB be the 
external Ear; C its Concha, or Cavity; DE the Meatus as 


3, and in Depth 4. G is the Membrana 7 ympani, h the Han- 
dle of the Malleus; k the Incas, and i the orbicular Bone; 
= the Stapes, and r the Yeſtibu/um hollow'd out of the O. Pr 
treſum, in the Cavity of the Labyrinth. | 

7. In the Veſtibule we obſerve the following particular 
Conſtruction of Parts. On the larger Part are three ſemi- 
circular Canals or Conduits O, P, Q, which communicate by 
five Orifices with the Cavity of the Veſlibule; they are of 3 
bony Subſtance, and of an elliptic Cavity. The leſſer Pat 

of the Veltibule communicates with the Cochlea, or ſpiral Fi 


bric 8... | 
8. This wonderful Part merits particular Notice, and i 
therefore repreſented by itſelf in two Figures; wh-rein 
ſhewn the bony conical Canal 8 T, making 24 Revolution 
round a bony Cone from the Baſe to the Apex T. This {;" 
ral Cavity is, from the Baſe 8 to the Top I, divided by * 
tranſverſe Seftum, or Partition, of a triangular Figure, rept 
ſented by Z X. This on its Baſe Part adhering to the Coe 
is bony, (which is ſhewn by a, @, a,] and is of an elaſtic t 
* 00, 
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on, to a very conſiderable Diſtance, according to 
the Intenſity of the percuſſive Force. By this 
means the Particles of Air are compreſs'd nearer 
together, than in their natural State. 

BuT when the Particles of the ſonorous Body 
make the ſecond Part of the Vibration, by re- 
turning back again, the Particles of Air alſo, by 


mulous Texture, and exceeding ſmooth or polite. The ex- 
terior Part 5, 5, l, is of a membranaceous nervous Texture, 
whoſe Chords or Fibres lie as repreſented in the Cut: Itis 
connected with the bony Baſe on one Part, and with the Ca- 
nal on the other, ſo that the Spiral Duct of the Cochlea is di- 
vided into two equal Cavities without any Communication 
with each other ; though the Orifice of the ſuperior Cavity 
opens into the YV:/tibulum, and the other is ſhut cloſe by the 
Membrane of the Foramen Ovale. | 

9. The Auditory Nerve V enters the Veſtibule by ſeveral 
little Holes as at S, and forms a curious Lining or Tapis all 
over the infide Surface both of the Veſtibule and its ſemi- 
circular Canals O, P, Q. "Theſe Nerves alſo into the 
Cochlea, and entering between the two Membranes of the 
triangular Zone, or Septum, Z X, do there divide, and branch 
themſelves out into an exquiſite membranous Expanſion on 
each Side the ſame, which thus becomes the more immediate 
Organ of Hearing. . | 

10. This Cavity of the Veſtibule is always fill'd with an. 
elaſtic Air, though there appears no viſible Way by which it 
can enter. Alſo the Labyrinth or Cavity of the Drum is fall'd 
with common Air, by means of the Eu/tachian Dud or Tube, 
as MN; the Oriſice M opening into the Mouth, and N into 
the Cavity of the Labyrinth. 

11. Having thus premiſed a Deſcription of the ſeveral 
Parts, we ſhall the better apprehend how Sounds are excited 


in the Mind. Thus the Pulſes of Air entering the Meatus. 


Auditorius DE are condenſed. by various Reflections 22 
the Paſſage to their Incidence on the Membrana Dympani at G, 
which is render d more or leſs concave, or lax and tenſe, by 
the Handle h of the Malleus, actuated by its proper Muſcle. 
By this means the Air contained in the Labyrinth is admitted, 
expell'd, compreſs'd ot rarified, according as the Euftachian 
Tube is opened or ſhut. _ | 

}2. The Mcnbraza Tympani G being thus adapted for re- 


their 
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their repulſive Power, repel cach other towards 
their proper Places, and thus again expand 
themſelves. 

Now ſince Motion once generated in elaſtic 
Bodies continues ſome time before it can be de. 
ſtroy'd by the Reſiſtance and Counteraction of 
contiguous Bodies, it follows, that the Particles of 


ceiving the Sounds of tremulous harmonic Bodies, and mo- 
dulating the internal Air of the Labyrinth, can eafily commu- 
nicate the Impreſſions to the Þcus i, which tranſmits them to 
the Os Orbiculare i, this to the Stapes n, and that to the Mem- 
brane of the Framen Ovale of the Veftibulum r. 

13. This Membrane, by ſuch an Apparatus of Parts, may 
be intended or remitted in infinitely different Degrees, ſo as 
to become adapted for the Tremors of every Sort or Degree 
of Sound ; and for communicating them to the internal Air, 
which affects the Nerves every where expanded over its in- 
ternal Surface, hut more eſpecially the nervous Expanſion of 
the Cochlea. g B 

14. For here, as we have ſhewn, the Fibres of the Sep- 
tum Tranfoerſale, b, b, b, are contrived like ſo many Strings 
of an Harpfichord, of various decreafing Lengths, and dit- 
ferent Octaves, that ſo ſome or other of them may be of a 
proper Length to be in C ncord with the ſounding Body, or 
to tremble with the ſame Vibrations, which by means of the 
Nerves are convey d to the Common Senſory in the Brain, 
where the Mind perceives and diſtinguiſhes the infinite Dif- 
ferences of harmonious and diſcording Tones. 

15. Thus, though we are admitted to view the amazing 
Mechaniſm of the Organ of Hearing, yet can we get but a 
general Notion of the Manner in which theſe Senſations are 
ge or of the particular Functions perform'd by every 

art, and the ſpecial Uſes to which they are ſubſervient, in 
the general Execution of this Senſe ; with reſpect to which 
there remain many Things yet to be enquired after, even by 
the Learned Per haade, as we find in Page 250 of his I. 
Nitutes, which fee. 2 

16. From this Account of the Ear, we have a Solution of 
ſome Difficulties ; as, Why the Ear is affected with great Pain 
in going down into the Sea in a Diving Bell: Why People 
generally open their Mouths when Rey liten with great At- 
tention * Why Deafnefs enſues on a Rupture of the Membra- 
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the ſonorous Body, and conſequently thoſe of the 
adjacent Air, have for ſome time a reciprocal 
vibratory Motion, by going forwards and back- 
wards through very ſmall Spaces in an indefinitely 
ſmall Particle of Time; which Motion gradually 
decreaſes, till it be totally deſtroy'd (CII). 
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na Tympani, or from an Obſtruftion of the Futachian Tube: 


Why we hear but one Sound with two Ears. But how ſome 
People taking Smoke into the Mouth can emit it by their 
Ears, is not ſo eaſy to anſwer, there being as yet no Perfo- 
ration of the Membrana Tympani diſcovered ; though this ſeems 
a plain Demonſtration that there is one or more, though not 
perceptible to the Eye. 


(CIT) 1. The Doctrine of Sounds is the moſt intricate and 
perplex'd of any thing we find in Philoſophy ; and perhaps 
this is the only Subject which the greateſt of Men has (in his 
Principia) treated in a Manner not quite ſo phyſical and ma- 
thematical as the Nature of the Thing required. I ſhall re- 
fer the Reader to the Commentaries of Meſſ. Le Scur and Jac- 
guier on the Principia, where they will find Sir //aac Newton's 
Hypotheſis relating to the Motion of the Particles of an ela- 
ſtic Medium to be fallacious ; and other Methods propoſed, by 
which the Newtonian Doctrine of Sound is reſtored. I ſhall 
here add an Explication of ſuch Phenomena only, as are of 
principal Concernment, and at the fame time pretty eaſy to 
be underſtood. 

2. Let ABC be an elaſtic String or Chord, fix'd in the 
Points A and C, and drawn out of its natural right-lined Si- 
tuation ABC. Such a Chord, in its State of Tenſion, will, 
when let go, return by its natural Reſort, not only to its na- 
tural Situation ADC, but with the Motion it there has will 
goon to E, ſo that DE is nearly equal to BD; and from 
thence it will return again nearly to B; which Motion from 
B towards E, and from E towards B, will be reciprocated a 
great Number of Times before the Chord will come to a State 
of Reſt: And each Motion through the Space BE is call'd a 
Vibration of the Chord. 

3. When the Chord begins its Motion at firſt from B, it 
firikes the Particle of Air contiguous to it in B, and that will 
by its Approach towards the next affect it, by means of the 
repulſive Power, which keeps them all at equal Diſtances from 
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From the Nature of a Fluid, whatever Motion 
is generated in any one Particle, it is by that 
Particle communicated equally” to all around it, 
as from a Center; conſequently the Tremors of 


each other ; and ſo on through ſuch a Number of Particles 
as can receive the Motion while the String moves from B to 
D. Let A,B, C, D, E, P, G, Cc. repreſent ſuch a Series of 
Particles of Air at an equal Diſtance, and the firſt Particle A 
contiguous to the Middle Point B of ſuch a String, and agi- 
tated by it in its Motion. 

4. The String beginning to move, all the Particles A, B. C, 
will begin to move forwards alſo; and fince this Motion 1 
propagated in Time, let E be the remoteſt Particle moved 
while the Chord is moving from B to D; during which Time 
the Chord, having an accelerated Motion, will cauſe the Par- 
ticles to approach each other with an accelerated Motion like- 
wiſe ; and becauſe thoſe accelerated Approaches begin at A 
and reach to E, in the Time the Chord is going from B to D, 
therefore the Diftance AB will be leſs in BC, and this leſs 
than CD, and that leſs than DE, and the Diſtance EF will 
begin to be leſſen d when the String is arrived to the Site 
ADC, and the Particles A, B, C, D, E, F, &c. will have the 
_—_—_— repreſented in the ſecond Line. 

5. But now the Chord, having acquired the Situation ADC, 
will be no farther accelerated, but on the contrary retarded, 
as it will now go on from D to E; the Effect of which upon 
the Particles of Air before it will be as follows. They will 
all go on forwards till the Chord comes to E, and the Particle 
A to its Situation in the third Line: But ſince the Force upon 
A begins to abate as the String begins to move from D, the 
elaſtic Force now between A and B will, by acting both ways, 
continue to accelerate the Motion of B, and retard that of A. 
Thus the Diſtance B C will ftill diminiſh till B come to be 
nearly equidiſtant between A and C; and C will be accele- 
rated till it be equidiſtant between B and D; and ſo on. 80 


that as the Acceleration is continued forwards, the Diſtances 


will diminiſh towards F; and by the Time the Chord is ar- 
nved at E, the Particles EE will be at their neareſt Diſtance. 
And fince the Motion of A is continually retarded, it will loſe 
what before it had gain'd in the ſame Time; and will there- 
fore now be at the ſame Diſtance from B as at firſt nearly. So 
that the Particles from A to G will have the Situations as re- 
preſented in the third Line, | 


the 
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the ſounding Body will be propagated all around 


from the Point of Percuſſion, as a Center, in con- 
centric hollow Superficies or Shells of Air, which 
are not improperly call'd aerial Pulſes, or Waves 


6. The Chord now returning from E to D, gives Liberty 
to the repulſive Power between A and B to ſeparate them to 
a greater Diſtance than in their natural State, and which they 
at preſent have. By this means all the other Intervals H C, 
CD, DE, E F, will alſo increaſe, and become ſucceſſively 
greater than the natural Diſtance ; but that Exceſs will be 
leſſer in each, till you come to F G, which will be equal to 
the natural Diſtance, at preſent between A and B. The 
Motion at the ſame Time continuing in all the Particles from 
H to N, they will all move forwards, and the preſent con- 
trated Interval between H and I will ſucceed between all 
the reſt, till it arrives to the Particle N, when the Interval 
MN will be the ſame as at preſent is HI. And thoſe Par- 
ticles beyond N to 8, will, by the preceding ones, be put 
into the ſame reſpective Diſtances, but in an inverſe Order, 
as thoſe have between G and N. And the whole Series 
(now the String is at D) will have the Intervals of the Par- 
ticles reſembling thoſe in the 4th Line. 
7. The Chord not ſtopping at the Situation A DC, but 
going on towards A BC with a retarded Motion, the Velo- 
City of the contiguous Particle A will alſo be retarded and 
become leſs than that of B; upon which the Diſtance be- 
tween them will be leſſen d, and the more ſo as the Strin 
approaches ro B. Hence all the Intervals, now dilated beyon 
their natural State, will, by degrees, contract; but gradually 
ſlower, till you come to F, where the preſent largeſt Inter- 
val between A and B will be found between F and G, 
and that between A and B will have acquired its natural Ex- 
tent when the Chord is arrived at B. Then likewiſe the 
Particles from G to N will acquire the ſame Situation as 
thoſe now have between A and G; and from N to 8, the 
ſame as now is ſeen between G and N; and from 8 for- 
wards, the ſame as is now before the Particle N, the Point 
S being now the middle Point of Condenſation ; all which 
is clearly ſeen in the 5th Line of the F igure. 
8. Thus the Condenſation which began at A, by the firſt 

Part of the Vibration, was propagated to G by the ſecond, 
from thence to N by the third, and laſtly to'S by the fourth 
Part of the whole Motion of the String in going and return« 
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cf Air: Analogous to which are the circula? 
Waves generated on the Surface of Water all 
around the Point where any Impreſſion is made, 


in any Manner or Direction whatſoever (CIII). 


ing; and this Extent of Ait, thus agitated by the Chord in 
going and returning, is call'd by Sir Iſaac Newton a Wave 
or Pulſe of Air.. In which Wave the Particles from A to N 
are in a dilated State, and from N to X in a contracted or 
condenſed State; which two Parts of the Wave anſwer to 
the coacave and convex, or low and high Part of a wu 

9. As the Chord goes on to make another Vibration, it 
will not only continue to agitate the Air at preſent in Motion, 
but will ſpread the Pulſation of the Air as much farther, and 
by the ſame Degrees as before; and the like will happen after 
every compleat Vibration of the String, Thus the Air be- 
ing a fluid Body, and the Impreſſion made on any one Part 
affecting all the Particles alike around it, tis plain, thoſe 
Pulſes will be propagated in every Direction all around in 
concentric Aerial Shells or ſpherical Waves of Air. 
10. That the Motion of the Pulſes in an elaftic Medium 
is analogous to that of Waves generated in the Surface of 
ſtagnant Water, is evident, when we conſider that the Con- 
denſation of the Parts of the elaſtic Medium is in lieu of the 
Elevation of the Water; the elaſtic Force effects the ſame in 
the Medium as Gravity does in the Water, and the denſeſt 
Parts of the Pulſes correſpond to the bigheſt Parts of the 


Waves. Wherefore as there is ſo great an Afinity between 


Cycloid equal to the Altitude AE. 


theſe two Phznomena, it will be requiſite, before we go far- 
ther, to explain the Nature and Properties of aqueous Waves, 
which will therefore be ſhewn in the next Arnotation. 


| (CIII) . Sir Iſaac Newten explains the Nature of Waves 
in Water after the following Manner. Let AB and CD be 


. the Surface of Water quieſcent in the upright Legs KL, 
. MN; of a recurv'd Tube. And if the Water be put into 


Motion, and aſcends in the Leg KL, to EF; it will de- 
ſcend in the Leg MN to GH; ſo that EF=GH. 4A 
gain, Let P V be a Pendulum vibrating in the Cycloid RPS; 
its Length VP, from the Point of Suſpenſion to the Centre ct 
Oſcillation, is equal to half the Length of the Water in the 
Tube; let P be the loweſt Point, and PQ an Arch of the 


Tire 


: 
- : 
- % 
+ # * — 9 0 1 
+ © - . = 
* 
—— 
* 
4 
= = d 
ol 
. 
= 
- 
$ & 
«* q - 
: „ 
# 
* 4 
? Fas ; 
= 
= 
. 
* 
p o 
e * 
* 
. 
* 
* = — - 
— — — * - 4 
, 1 I a 2 - | 
» #” % 4 4 
- . . + ww — — — — - ati. A C N 90 
. . n 4 * 
* 7 
- fus 
*"% 4 , 
. = 
. bl F 
' 4 . . p 
, 4 . 
— - - : 
= 4 - 
* * o 
* * 
ko . 
4 G 
) p 
| 11 ® | 
; : 
* 
. 
* 
: 
. 
F . 


* 
9 » 
* 
* 
. 
" . 
. ; | A Me 
* 
we? = = # . 0 — « 
* 0 7 " 
# - p \ 
= 
= * 
* * % 
* — 4 ä 
— 2 8 „ 
o 0 1 
» , p << - 
- * 
PR : 
1 = 
r 


— 


— — ͤ — 


JAZ ĩĩ ͤ er 


— — ̃ Üͤ— —— ß * 


A  & © a 
Ss at þ 
1E nf 


| in 
| 7 2&0 0-8 | 4: 


4A s i REM © 4 8 6 


72 


it 
i 


= 
i 


— 


. 


* Oo 


— 4 „% & = © ee + es - 
PF Cw bat: od... 
4 — 


- 
* Ky 


Oo 
Ni 


U 


al 


\ 


U 
* 


1 


* 
- + « = „„ „ -—- ** , Ns, A 
| ' * Wh Sk 
0 * \ 4 \ 
Lu e 
. . WW wal Wi 1 
a , ” KY = 
” ” F 


8 = 
ed . 
9 r ' | 
Sd 
A T 


ꝗ— rt att 


ths. ct — 


OO HU — ̃ᷣk— ̃———— 8 —*K̃ —2——— — —— — — — 


— i. 
au 


ME 7 \ as. — cc. „ = N + 2 
* 2 fo = — — r OOO NT ae a 2 


2 —d1f — —— ee e—_— 


* 


& 


Cn nn et — # —ä — 


— 


i 


— — 


” 


nn tn — hn nn nn 


a. 


* 
. 


— —— 
J 


— — 


, 
boos cc cos s 
* 
. 
. 


. 7; 7:52) $5. 


. 
* 


% 


1 


„ 
©” - oo. LR. ET „1 „ „ 


i 
A 


„ «4 


Ws 
8 


„% —- „ 2 - 


— — — 


— 2 _ 


__ 


„ e 


r K „%ẽi ̃ 22 


— 22 — — 
— — — — — 


—— B 


— 


f 


— ꝗ — — 
— —_—_ 


d 


o > 


>= 


© -- —_ „„ 


ee 


- 4 


PL - © „„ . 


aw... 


RY 


. - 
ee 
Pas 


13 


„„ „„ 


— —ͤñ——mũ— — — ——— — 
- 


— —— —́— E ů 


— K œ 2 2 ——— —ꝓ— EE EE TIE” 


— — 


— — 


© pe — —— en — 


— 2 


—— —A— —y-᷑f 


9 

F Of Winds and Sounds. 

5 T:rsz Pulſes or Waves of Air are affected 
ith the following Properties, vi. 


not only from the tremulous Body, but from the 
Holes in any Obſtacles they meet with: Whence 
it comes to paſs, that one and the ſame Sound may 
be heard by ſeveral Perſons, in any different Situa- 


2. The Force by which the Water is alternately accele- 
rated and retarded in its Motion in the Tube, is the Exceſs 
of the Weight of Water in either Leg above the Weight in 
the other; and therefore when the Water in the Leg K L 
aſcends to EF, and in the other Leg deſcends to GH, that 
Force is equal to the Weight of the two equal Quantities of 
Water AEFB+CGHD=2AEFB; and therefore is 
to the Weight of the whole Water as EA to VP, or as 
PQ'to PR, becauſe the Semi-cycloid PR is equal to the 
Length of the Pendulum which deſcribes it, frota the Nature 
of the Curve. | 

3. Alſo the Power by which the Weight P is in any Point 
Q accelerated or retarded in the Cycloid, is to its whole 
Weight as the Diſtance PQ from the loweſt Point P go the 
Length of the Semi-cycloid PR. Whetefore the moving Forces 
of the Water and Pendulum, deſcribing equal Spaces AE, 
PQ, are as the Weights to be moved; and therefore, if the 
Water and Pendulum are at firſt quieſcent, thoſe Powers will 
move them equally in equal Times, and cauſe that they g5 
forwards and backwards together, with a reciprocal Motion. 
All which is eaſily deduced from what has been ſaid of the 
Nature of the Cycloid, the Motion of heavy Bodies, and the 
Forces of Bodies in Motion. 22 

4. Hence it follows, that whether the Diſtance A E be 
great or ſmall, the Reciprocations of the Water will be all per- 
orm'd in equal Times. Alſo it follows, that if the whole 
Length of the Water be 78,4 Inches, each Reciprocation, or 
Aſcent and Deſcent of the Water, will be perform'd in one 
Second of Time ; becauſe a Pendulum of half chat Length vi- 
brates in that Time. Laſtly, If the Length of the aqueous 
Canal be increaſed or diminiſhed, the Time of each Recipro- 


cation will be increaſed or diminiſh'd in the ſubduplicate Ra- 
tio of the Length. p | 


You, II. G tions 


I. They are propagated all around, in a ſpherical 
andulatory Manner (as I ſaid but now;) and that 
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tions with reſpect to the ſounding Body, if not at 
too great a Diſtance. | 

II. The Denſity of theſe aerial Pulſes decreaſes, 
as the Squares of the Diſtances from the ſounding 
Body increaſe: For ſince the Force or Motion in 
each Shell is the ſame, it muſt decreaſe as the 
Number of Particles increaſes in each Shell: But 
this Number of Particles is as the Superficics of 


When the Nature of Waves in Water is conſider'd, it 
will be ſound to agree very nearly with the Motion of the 
Water in the Tube above-mention'd ; and conſequently their 
Motion will be fimilar to that of a Pendulum. For let EFG 
repreſent the level Surface of Water when it is not agitated 
ſo as to produce Waves; when it is thus agitated, let A, B, 
C, D, repreſent the wavy Surface; A, C, the higheſt Parts 
of the Waves; and B, D, the loweſt or concave Part. Then 
tis evident the Weight of the Water at A above EG will 
cauſe it to deſcend as far below the Level to B; and with 
the Motion acquired by that Deſcent, it will again aſcend to 
the ſame Height C, and ſo produce a conſtant Succeſſion of 
of Waves in the watry Surface, after the ſame Manner a 
was ſhewn in the Tube. 

6. Hence it follows, that, becauſe the Length of the 
whole Water to be moved is from the higheſt Point A to 
the loweſt Point B, if the Length of a Pendulum be 3 AB, 
it will ofcillate once while the Water deſcends from A to B; 
and in another Oſcillation, it will aſcend from B to C, and 
ſo on. So that a Wave will paſs thro' its whole Length in 
the Time of two Ofcillations; and therefore in the Time of 
oy OY ion of a Pendulum four times as long, or equal 
to . . 

7. Whence becauſe ABC in very large and wide Waves 
is nearly equal to the Breadth AC; therefore when the 
Waves are 39,2 Inches broad, they will undulate in one Se- 
cond of Time; and conſequently fince the Times of all the 
Undulations are equal, there will be 39,2 x 60 = 2352 In- 
ches, or 196 Feet run thro' by a Wave in one Minute, which 
is 11760 Feet per Hour. Hence alſo the Velocity of greater 
or leſſer Waves will be increaſed or diminiſh'd in the ſubdu- 
plicate Proportion of their Breadth; chat is, if V == Velo- 
Eity of the greater Waves A BCD, and « = Velocity of the 
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the Shell, which is as the Squares of the Diameter 
or Semidiameter of the Sphere, that is, as the 
Diſtance from the ſounding Body. Hence the 
Diſtinction of Sounds into loud and low, ſtrong 
and weak, according as we are nearer to, or 
farther from, the ſounding Body. The utmoſt 
Limits of audible Sounds are about 180 or 200 | 
Miles. (CIV.) | 


leſſer Waves a, b, e, d. e, ,, &c. then it will be V: v:: 
VAC: Vac. Becauſe the Velocities and Times of Bo- | 
dies moved in any manner by Gravity, are proportional to | 
the Square Roots of the perpendicular Altitudes; aad thoſe 
Altitudes are as the Lengths of Pendulums, and therefore as 
the Breadth of Waves. 


(CIV.) 1. Let ABC repreſent the ſonorous Body ; by the Plate 
tremulous Motion of its Parts, it will agitate the Air con- XXXIV. 
tiguous to every Point as A, where it-will be condenſed to Fig. 4. 
a certain ſmall Diſtance, and make a Pulſe or Wave of Air 
in the Manner as has been large y ſhewn ( Aunstat. CIT). 

The firſt Wave or Pulſe will by its elaſtic Power in expand- 
ing itſelf produce a Second, that a Third, and ſo on; till 
the impreſs d Motion be diffuſed thro” too large a Quantity 
of Air to be any longer ſenſible. | | 

2. The Quantity of Motion produced by each Tremor of —4 
the ſonorous Body, being communicated ſucceſſively to larger | 
Portions of Air, the Part thereof which each Particle will ac- 
quire will conſtantly decreaſe. This Decrement of the Mo- 
tion will be as the Increment of the Number of Particles, 
which is as the Superficies of the ſpherical Shell; and ſince 
all Superficies are as the Squares of their Diameters or Semi- 
diameters, therefore the Force in the Particles of the Wave 
or Shell at D is to that in the Particles of the Shell at F as 
AF* to AD*; that is, the Force of Sound decreaſes as the 
Squares of the Diſtances increaſe. | 

3. It is plain, the Diſtance to which Sounds may be beard 
will be proportional to the Magnitude or Intenfity of the 
Stroke made on the tremulous Boly emitting the Sound ; for 
the greater that Stroke is, the greater will be the Agication 
of the Parts of the ſonorous Body, and of courſe the greater 
will be the Force with which they will ſtrike the Particles of 
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III. AI the Pulſes, whether denſer or rarer, 
move with equal Velocities: This Sir Iſaac Newton 
has demonſtrated à priori, and allo that this 
Velocity is at the rate of 1142 Feet in one Second 
of Time; which moſt exactly agrees with the 
repeated and moſt accurate Experiments of the 
late Reverend Mr. Derham. The Velocity of 
Sound is therefore near thirteen times as great as 
that of the ſtrongeſt Wind: And fince it muſt 
neceſſarily increaſe with the Air's Elaſticity, it 
will be greateſt in Summer when the Air is moſt” 
heated, and vice verſa in Winter: Alſo, as the 
Motion of the Wind conſpires with, or is con- 
trary to that of Sound, the Velocity of Sound 
will be in ſome ſmall Degree augmented or di- 
miniſhed thereby, though not diſcernible in Ex- 
periments. | 

TV. The Interval or Diſtance of the Pulſes from 
each other is the ſame among all that are excited by 
the ſame Stroke: For ſince each Pulſe is cauſed by 
a ſingle Vibration of the ſounding Body, and 
finee they all move with equal and uniform Ve- 


Air. Laſtly, the greater the Force is upon the Air, the more 
ſtrongly will it be condenſed and expanded; hence the greater 
will - the Stroke at any given Diſtance on the Drum of the 
Far, and conſequently the greater will be the Diſtance at 
which the Agitation of the Air will be ſenſible. 

4. The Experiments are numerous by which it has been 
found, that Sound is audible to the Diftance of 50, 60, or 
fo Miles: But Dr. Hearn, Phyſician to the King of Swed:r, 
tells us, that at the Bombardment at Tm, A. D. 1658, the 
Sound was heard to the Diſtance of 30 Sgordiſh Miles, which 
make 180 of ours. And in the Fight between England and 
Holland A. D. 1672, the Noiſe of the Guns was heard even 
io Nals, which cannot be lefs than 200 Miles. 

© | locities, 
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locities, *tis plain they muſt fucezed each other 
at Intervals proportion'd to the Times of the 
Vibrations : But the Times of the Vibrations of 
the ſame Body are all equal; conſequently, the 
Intervals of the Pulſes will be ſo too. (CV.) 


(CV) 1. Sir 1ſaac Newton and other Mathematicians have 
ſhewn (in a Method too prolix and intricate to be here re- 
peated) that if a Pendulum were conſtructed whoſe Length 
was equal to the Height of an homogeneal Atmoſphere, whoſe 
Denſity is every where the ſame with that of the Air upon 
the Surface of the Earth, in the ſame Time that ſuch a Pen- 
dulum makes one whole Oſcillation in going forwards and 
backwards, the Wave or Pulſe of Air will- paſs through a 
Space equal to the Circumference of a Circle deſcribed with 
a Radius equal to the ſaid Pendulum. 

2. Therefore while the Pendulum makes half an Oſcilla- 
tion, or one ſingle Vibration, the Pulſe will move through a 
Space equal to half the Cucamference : Whence the Space 
deſcribed by the Pulſe in the Time of a Vibration is to the 
Length of the Pendulum as the Semi-circumference to the 
Radius, or as the Circumference to the Diameter, that is, as 
3,14159 to 1. Now the Length of ſuch a Pendulum is 
20100 Feet, (as we have elſewhere ſhewn) but Sir Jaa 
makes it 29725 Feet, whoſe Meaſure we ſhall here follow, 
The Circumference of a Circle whoſe Radjus is 29725 is 
186768, the Half whereof is 93384 = Space a Pulſe paſſes 
through in one fingle Vibration: But fince a Pendulum 39, 2 
oſcillates in the Time of one Second, and the Times of Oicil- 
lation in different Pendulums are in the Subduplicate Ratio of 
their Lengths; therefore, ſince in 29725 Feet we have 
336700 Inches, we muſt ſay, As V 39,2 : V 356700 :: 1: 
955 Seconds. But in that Time the Pulſe paſſes over 93384 
Feet; canſequently, 95+ : 93384 :: 1 : 979 Feet = Space 
paſs'd through by a Pulſe in one Second of Time. 

3. This then would be the Velocity of the Pulſes, were 
the Particles of Air ſo very ſmall as that their Magnitude 
ſhould bear no ſenſible Proportion to the Intervals between 
them ; and alſo if the Medium had no Admixtyre of any 
other Particles but thoſe of pure Air: Neither of which is 
tne Caſe; for the Particles of Air are fo groſs that they will 
not paſs through the Pores of Glaſs any more than Water; 
aud Sir 1/aa: Newten ſuppoſes them to be af the ſame Mag- 
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V. The aerial Pulſes are propagated together in 
great Numbers from different Bodies without Di/- 
turbance or Confuſion; as is evident from Con- 
certs of Muſical Inftruments, where divers 
Sounds, of different Intervals and various Coin- 
cidences, ſtrike the Ear at once, yet with Di- 


nitade with the Particles of Water or Salt. If this be fo, let 
D = Diameter of the Particles, S = Space or Inte val be- 
tween them; then will S + D = Diſtance of the Centers of 
the Particles. Let N = Number of Particles in the Side of 
a Cube of Air, then will NS + ND = Side of the Cube. 
Again, let M Number of Particles of Water in the 
Side of an equal Cube, and MD = Side of the Cube of 
Water; whence NS - ND = MD. Then if the Den- 
fity of Air be to that of Water as 1 to A, we ſhail have 1: 


An Na: Ma; whencet:AT:;N:M; conſequently, M = 
NA. Wherefore,finceitis NS ND = MD =N DA?, 
it will be S+D= DA, andS=DxA*'—1; there- 


fore P: S:: 1: AT—1; whence D: S+D :: 1 AF, 
5. If therefore A = 860, (as we have ſhewn) then 
"2 * 


A* =q9 nearly; if we put A= 1000, then A* = 10. 
Wherce D:S+D:: 1:9, or as 1: 10; whence the Di- 
ameter of a Particle of Air will in ſach a Caſe be to the In- 
terval between the Particles as 1 to 8 or 9. And fince the 
Motion is inſtantaneous through the ſolid Particles of Air, and 
they make up + or + Part of the whole Space 979 Feet paſs'd 
through in one Second by a Pulſe, therefore to allow for this 
d 22 


we muſt ad or 109 Feet to the former Sum; that is, 


Q 
979 + 1c9 = 1088 Feet, for the Velocity of Sound pe- 
Second, 

6. But ſince the Atmoſphere conſiſts not of pure Air, but 
has an Admixture of Vapours of a different Elaſticity and 
Tone; tneſe Vapours will not participate of the Motion of 
pure Air, by which Sound is propagated ; in like manner as 
an elaſtic String, if ſtruck, will not move another very near 
it, unleſs it be under the ſame Degree of Tenſion, and of the 
ſame Tone. Therefore the Quantity of Air producing Sound 
moſt be Ciminiſh'd in proportion to the Quantity of Vapour, 
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ſtinctneſs and agreeable Conſonance. 

VI. The Particles of Air, and conſequently the 
Pulſes, ſtriking againſt an Obſtacle, will be reflected 
back under an Angle equal to that of Incidence; in 
the ſame manner as will be ſhewn in regard to 
the Rays of Light. Hence a Repetition of the 


in a given Space; in which Sir nac ſuppoſes the Air is to 
the Vapour as 10 to 1. Whence the Air and Vapour together 
in a given Space is to the pure Air as 11 to 10. 

7. But the Velocity of the Pulſes will increaſe in the Sub- 
duplicate Ratio of the diminiſh'd Quantity of Matter, that is, 
in the Subduplicate Ratio of 11 to 10, or in the entire Ratio 
of 21 to 20, (as he has ſhewn, Princip. Prop. 48. Lib. II.) 
Therefore, if we ſay, As 20: 21 :: 1088: 1142; whence 
the real Velocity of Sound (thus inveſtigated from the Nature 
of elaſtic Air by our great Author) is at length found to be at 
the Rate of 1142 Feet per Second. 

8. The Truth and Acturacy of this noble Theory have 
been ſufficiently confirm'd by Experiments, particularly thoſe 
made by the late Rev, Dr. Derham, of which I ſhall give ſome 
Account by and by ; but will firſt lay before the Reader a 
View of the different Eſtimates made of the Velocity of 


Sound by ſeveral eminent Philoſophers, as in the Table fol- 
lowing. 


Feet per Second. 

The Honourable Mr. Roberts, 1300 
The Honourable Mr. Boyle, 1200 
Mr. Walker, 1338 
Merſennus, 1474 
The Academy at Florence, 1148 
Royal Academy at Paris, 1172 
Sir Iſaac Newton, Flamſtead, 

Halley, and rw 5 1 


9. As no Man ever had a better Opportunity, ſo none could 
improve it with Diligence, Aſſiduity, and Accuracy, 
in determining and ſettling the various Phænomena of Sounds, 
than the ſo 4 celebrated Philoſopher laſt mention d. He 
proved by Experiments made with the Strokes of a Hammer, 
and the Exploſion of a Gun at the fame time, at the Diſtance 
of a Mile, that the Velocity of Sounds produced from. dif- 
ferent Bodies was the fame, or came to his Ear in the ſame 


Ime, 2 
G 4 Sound, 


103 


104 


Of Winns and SouNDs. 


Sound, heard by the direct Pulſes, will be made 
by thoſe which ate reflected; which is what we 
call an Eco. 


The Locus, or audible Place of Sound, will be 
there where the Particles of Air firſt begin to 
diffuſe themſelves in Form of Waves, Thus a 


? 


10. That the Motion of Sound was equable and uniform, 
or that it paſs'd through Spaces proportional to the Times, he 
found by various Experiments made by the Explotion of Guns 
at different Diſtances, as appears by the following Table which 
he has given us: Where the firit Column ſhews the Places 
at which the Guns were fired; the ſecond the Number of Vi- 
brations of an Half-Second Pendulum; the third the Diſtance 
of the Places in Miles and decimal Parts, as meaſured by Tri- 
gonometry ; the fourth the Diſtances meaſured by the Velo- 


gity of Sound, admitting it to be at the Rate of one Mile 
every 9: Half Seconds. 


At Hornchurch Church, 9 — 0,9875 — 

Nerth Otendin Church, 185 — 2,004 — 2,009 
A : 225d _ . 
[ þminſler *. 5 23 5 25,4 3 "A 48 
Zittle Warley Church, 271 — 3.9 = 2497 
Rainham Church, 3343 — 3.58 — 3.59 
Adel Mill, 33 — 3.58 — 3,57 
Dagenham Mill, 35 — 3,85 — 3.78 
Seuth Mira Church, 4 — 4.59 — 4,86 
Eaſl Therndon Church, 4817 _ 68.03 
Barking Church, 704 — 7,7 — 7.62 
Guns at Blackheath, 116 —12,5 — 22,55 


11. The great Exactneſs of meaſuring Diſtances by Sounds 
appears from the above Table, as well as the Equability of 
the Motion; but to render this Matter ſtill more certain and 
indiſputable, the Daftor took a Journey to Foulne/s Sands on 
the Coaſt of Efex, which form a ſmooth large Plain for 
Miles. On this Plain he meaſured 6 Miles in a right Line, 
and cauſing a Gun to be fired at the End of each Mile, he 
found that his former Obſervations were very juſt and true, 
and that Sound paſs'd the firſt Mile in 94 Half-Seconds, two 
ox hy 184, three Miles in 272, and ſp on to the End of 
the bx, : 


12. The fcademia del Cimento made Experiments af this 


; Perſon 
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perſon ſpeaking in one End of a Tube, or Trum- 
pet, will be heard as ſpeaking from the other. 


Sort, from whence they concluded, that the Velocity of Sounds 
was ſo far equable, as not to be accelerated or retarded by 
conſpiring or adverſe Winds; but in this they led themſelves 
and many others into a great Miſtake, which was owing to 
their firing Gun: at too near a Diltance ; for in great Diſtances 
the Difference 1s ſenſible, as will appear by the following Ta- 
ble of many Experiments which the Door made on the Guns 
fired at B/ackheath, at the Diſtance of twelve Miles from his 
Houſe at Upminſter. 


1 Vibrat. Wind. 
1704. Feb. 13. 6to12N,—S 122 $— N. E. by E. 1 
21. 114M. — 119 — E. 2 
1705. Mar. 30. 10M. — 113 — S. W. 7 
Apr. 2. 8; pM. — 1141 — S. by W. 1 
3. 10 M. — 1164 — 8. 4 
5. 1pM.. — 111 — S. W. by W. 7 
13, 812 M. — 120 — N. by E. 2 
NN 2 — 116 — S. W. by W. o 
64 — 15 — W. 2 
Sept TEE I — 1 — W. by N. 2 
29. 101 M. — 112 — 8.8. W. 6 
02. 6. 10 M. — 17 — ES. E. 1, 2 
Nev. zo. Noon — 115 — 8.8. W. 4 
Feb, 15. 11M, — 116 — S. by W. 
8 Hg — 116 — S. W. o 
g I LNoon — 118 — S. W. by S. 1 
Feb. 7. Noon — 113 — S. W. by W. 4 


13. In the firſt Column of this Table M denotes the Morn- 
ing, pM the Afternoon, and N Night: Alſo the Figures 1, 
2. 3, 4, 5, 6, 7, affix'd to the Points of the Wind in the third 
Column, denote the ſeveral Degrees of Strength with which 
tie Wind blew at the Time when the Experiments were 
made, From this Table it is eaſy to obſerve, that in this 
large Diſtance (of near 13 Miles) the Velocity of Sound is 
ſenlbly affected with the Current of the Air or Wind; for 
hace Blackheath lay near S. W. by W. from Upminſier, we ſee 
wat on April 5. 1705, when there was a ſtrong Wind con- 
piring with the Sound, it came in 111 Half-Seconds; where- 
in Feb, 13. 1704, when the Wind was directly contrary, 
, 040k but a gentle one, the Sound took up no leſs than 120 


ql And 


3 
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warde 243 times in a Second; vncrefore : 
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And as in the Caſe of Light, we ſee the Image 
of an Object always in the Direction of the re- 


and 122 Half. Seconds in paſſing the ſame Diſtance. The fame 
is confirmed alſo by the Experiment on April 13, 1705. 
14. And it is farther obſervable, that the Acceleration of 


Sound depends on the Strength of the Wind; for on April 24, 


1705, aS. W. by W. Wind in the loweſt Degree permitted 
the Sound to arrive in 116 Half. Seconds; the fame Wind on 
Feb. 4, 1706, blowing with 4 Degrees of Strength, brought 
the Sound in 113 Half Seconds; and on April 5, 1705, the 


| fame Wind with 7 Degrees of Strength brought the Sound in 


111 Half. Seconds. The Winds which blow tranſverſely (as 
on Ajril 3. February 15, 1705.) ſeem not to affect the Velo- 
city of Sound, it paſſing then in 116 Half-Seconds, which 
is the mean Velocity, as appears by the former Table in Ar- 
ticle 10. . 


city of Sound, with or againſt the Wind, is 10 or 11 Half. 
Seconds, or 53 Seconds; whence 1142 x 5,5 = 6281 Feet, 
which is ſomewhat more than a Mile = 5280 Feet; and 
thereſore for every 10 Miles we may allow Half a Mile, or 
2640 Feet, when the Wind blows ſtrongly againſt the Sound, 
and deduct the ſame when it ſets with it; and fo in Propor- 
tion for any other Diſtance. | 

16. The Velocity of Sound being determined, the Inter- 
vals of the Pulſes are known by finding how many Vibraticns 
the ſounding Body performs in one Second. Thus D. Sau- 
vcrr ſound by Experiments, that an open Pipe, whoſe Length 
was about 5 Paris Feet, had the ſame Tone with a String ttat 
vibrates forwards and backwards 100 times in a Second ; con- 
ſequently, of the Pulſes made by ſounding ſuch a Pipe, there 
are about 100 in the Space of 1142 Feet, or 1070 of Paris; 
and thereſore a ſingle Pulſe occupies the Space of 110 Feet 
Engliſh, or 10 Feet of Paris; {yu that the Length of the 
Pulſe was about twice the Length of the Pipe. Whence it 
is probable, that the Lengths of the Pulſes excited by the 
ſounding of open Pipes are in all Cafes equal to twice the 
Length of the Pipes. | 

17. This was farther confirm'd by the ſame Gentleman by 
another Experiment he made afterwards, in which he found 
that an open Pipe, of about two Paris Feet in Length, was 
in Uniſon with a String which vibrated forwards and back- 
1990 : 

— 43 nearly ; 


flected 


15. The greateſt Difference we here obſerve in the Velo- 
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fected Ray; ſo in Echoes, we hear a Perſon ſpeak 
at the Place from whence the reflected Wave 
comes to the Ear (CVI.) 


that is, the Length of a Pulſe was about 4 Feet of Paris, or 
nearly twice the Length of the Pipe. 


(CVT) In order to account for the Nature of Ecos, we 
muſt conſider, that Sound is perceived as coming from that 
Place, from which, as a Center, the Pulſes are propagated. 
This is well known by Experience : But to illuſtrate this Mat- 
ter, let A be the Center from whence any Sound is directiy 
propagated, and ſtrikes againſt any plain Obſtacle CB, ſufhi- 
ciently large ; draw AF perpendicular to BC, and produce 
it to H, ſo that it may be AF = FH; the Sound reflected 
will be perceived as coming from the Point H. 

2. For let AB be the incident Ray, impinging againſt the 
Obſtacle BC in the Point E; from E draw the Ray K D, in 
ſuch a manner that the Angle CE D may be equal to the An- 
gle E FA, or that the Angle of Incidence may, be equal to the 
Angle of Reflection; then will ED be the reflected Ray of 
Sound, and, if produced, will paſs through the Point H ; for 
the Angle FEH = CED = FEA. Therefore in the Tri- 
angles AFE and EFH, fince the Angles of one are re- 
ſpectively equal to the Angles of the other, and the Side FE 
common to both, the Sides of one Triangle will be reſpective· 
ly equal to the Sides of the other, and therefore HF = AF; 
wherefore the reflex Sound will be heard by a Perſon at D, 
as coming from the Point H. 

3- As the Place of the Auditor or Point D approaches to- 
wards A, the Caſe will conſtantly be the ſame with reſpect to 
the Center of Sound H ; the Triangles will ſtill be equal, and 
all their Angles and Sides reſpeQtively ; therefore when D co- 
incides with A, the reflex Sound, or Echo, will be heard from 
the Point H; which was to be demonſtrated. 

4. The ſame Sound therefore is heard twice by an Auditor 
at D; firſt by the dire& Ray AD, and ſecondly by the reflex 
Ray AED; provided the Difference between AD and AED 
be ſufficiently great, that the direct and reflex Sound do not 
in the ſame ſenſible Moment of 'I'ime affect the Ear: For if 
the reflex Sound arrives at the Ear before. the Impreſſion of 


the direct Sound ceaſes, the Sound will not be double, only 


render'd more intenſe. - 
| 5+ We know hy Experience, if more than g of 10 Sylta. 
Bre Aust 
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_ Becavsex the Sound is ſtronger in proportion 
as the Air is denſer, it muſt follow, that the 


Voice paſſing through a Tube or Trumpet mult: 


be greatly augmented by the conſtant RefleCtion 
and Agitation of the Air through the Length of 
the Tube, by which it is condenſed, and its Acti. 


bles are pronounced in a Second, the Sounds will not be di- 
ſtinct and articulate ; therefore, that the reflex Sound may not 
be confounded with the dire& Sound, there ought to be at 
leaſt the 9th Part of a Second between the Times of their 
Appulſe to the Ear. But in the gth Part of a Second Sourd 


runs through the Space of = 127 Feet ; the Difference 


therefore between AD and AED muſt not be leſs than 12) 
Feet, for the Echo to be diſtinctly heard in D. 

6. Hence alſo it follows, that a Perſon ſpeaking or utter- 
ing a Sentence in A aloud, in order to obſerve the Echo by 
Reflection from the Obſtacle BC, ought to ſtand at lezſt /; 
or 74 Feet from it, that is, AF=74. And fince, at the 
common Rate of Speaking, we pronounce not above ; Syl- 
lables per Second (or read more than 20 Lines of Eng,ih Poe- 

Minute) therefore that the Echo may retun juſt a 
ſoon as the 3 Syllables are expreſs'd, we muſt have twice AF 
equal to about 1000 Feet; or the Speaker muſt ſtand about 
500 Feet from the Obſtacle BC ; and fo in Proportion for any 
other Number of Syllables. 

7. In all the Experiments which Dr. Derbam made with the 
Guns at Blackheath, there was always a Reduplication of the 
Sound, particularly the firſt in the foregoing Table, on Febr:- 
ary 13, 1704; where the direct Sound came firſt in 120 Half 
Seconds, and the reflex Sound or Echo in 122 Half-Seconds. 
The Difference in 'Time, being a whole Second, ſhews the Echo 


paſs d over 1142 Feet more than the direct Sound; and that 


therefore the Phonvcamptic Obje, or Obſtacle which reflected 
the Sound. was very probably near the Guns; ſince after ie 


Pulſes had paſs'd a great way, they would have been too 


weak, when reflected, to have made an Echo as ſtrong ot 


| ſtronger than the direct Sound, as the Doctor always found 


it was. 
8. By ſome Experiments which he made on Guns fired on 
the River Thames, between D:ptford and Cuckold"s-Point, be 


obſery's the Sound was not only doubled, but tripled, qua- 
on 
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on on the external Air greatly increaſed at its 
Exit from the Tube; which from hence is call'd 
the Stentorophonic Tube, or Speaking-Trumpet. 
For the ſame Reaſon, thoſe Funnel-hke In- 
ſtruments, which gather the larger and more 
languid Waves of Air, do greatly condenſe them, 


drupled, and ſometimes repeated many more times, and each 
ſucceeding Echo was louder and louder z and often when he 
heard thoſe Fragors of great Guns, he obſerved a Murmur 
aloft in the Air, eſpecially if the Heavens were quiet and fe- 
rene: And thoſe Pulſes of Air he has obſerved to ſtrike againſt 
a thin Cloud, and produce in it a Murmur for the Space of 
15% From hence he judged, that thoſe Murmurs in the Air 
proceed from the vaporous Particles ſuſpended in the Atmo- 
ſphere which reſiſt the Undulations of Sound, and reverbe- 
nate them to the Ear of the Obſerver, in the Manner of in- 
definite Echoes. 

9. Among the many pleaſant and ludicrous Phænomena of 
Echoes, thoſe which are Polyphonas, or repeat divers Syllables 
or Sounds diſtinctly, and are therefore call'd Tautological or 


theſe there are ſeveral remarkable in different Parts of the 
World, and particularly here in Eng/and; concerning which I 
refer the Reader to Haris or Chambers's DicTionaRy un- 
der the Word Echo, or to my PHtLOSOPHICAL GRAMMAR,” 

10. Nor is this merry Phænomenon of Sound without its 
Uſe; for by means of an Echo you may meaſure inacceſſible 
Diſtances, the Width of large Rivers, &c. Thus Dr, Der- 
tan ſtanding upon the Bank of the Thames, oppoſite to I 50 
wich, obſerved that the Echo of a ſingle Sound was reflected 
back from the Houſes in 6 Half-Seconds, or 3 Seconds; con- 
fequently, 1142 x 3 = 3426 Feet; the Half of which, 
viz, 2714 Feet, is the Breadth of the River there; which is 
more than a Quarter of a Mile, or) 1320 Fees. 

11. After the ſame Manner we find the Meaſure of any 
Depth, as that of a Well for Inſtance. To do this, let a = 
Space an heavy Body falls freely in one Second of Time, 5 = 


t Time given in Seconds from the firſt Deſcent of the Stone 
to the hearing of the Sound; and x == Depth of the Well 
required. 7 * * 


* 


Prattling Echoes, afford the moſt curious Amuſement. Of 


Space through which Sound moves in the ſame Time, and 
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and heighten their Power and Action on the 
Drum of the Ear; by which means Voices and 
Sounds are render'd ſtrong, loud, and audible, 
which were net ſo before to a deafen'd Ear; and 
hence theſe Inſtruments come to be call'd Ola. 


conſt ics. 


# 12. Then to find how long the Stone is in deſcending to 
the Bottom of the Well, ſay, As a: x :: 1½ f === 


Square of the Time 7 in which the Deſcent is made, l 
P 2 ling Natiee 250 29 the Gqanore of th 


Times, (Aznet. XXVI.) wheretre 2e 
13. Again, to ind the Time t in which he Sound bad, 


ſay, As: 4 :: 17 * T = the Time ſought in Seconds; 


l WF 
but t t = therefore x + 5 —=6: 


1 4 

But Vr .= and ſince x is the Square of , 

e He ee eee , by one 

the Square, we have x + = i + = = 2 

= (by putting 45 = 54 + 4 abc). Whence 
| -_ b 

nigeria Sp 


—b 
=, that u, V x ei I But x cannot be 
2V a 


b 
2 9 2 T 
3 the Depth of the Well required. 


4. Now a= 16,122 Feet, and b = 1142 ; whence 44 
= 64.488, and 6b = 1304164; alſo 4 ab = 73646; ud 


I SHALL 


27 bet muſtbe /T = 


ww 5 GR Ma fT Xt ww & Aa. a> wr. 


he 
nd 
le, 
nd 
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I SHALL only oblerve, in regard of thoſe In- 
ſtruments which magnify Sounds, and aſſiſt the 
Hearing, that he longer they are, the greater is 
their Effect, and that of all the Forms or Shapes, 
none 15 ſo good as that derived from the Revolu- 
tion of the Loo ARITHMI Curve about its Axis 
(CVII.) 


if we ſuppoſe c = 10#, then 4a bc = 736460, and bb + 
4abe = 3s = 2040624. Whence 5 = 1428,5; and s — 6b 
3—b* 


= 286,5 ; and :- = 82082, 25. Conſequently 7 = 
1273 ; or the Depth of the Well is 1273 Feet. 


15. Since x = . , we ſhall ave x = 


— 


44 292 
VV — 32 e — * ws 
and therefore — — = — divided by / 2, that is, 
Va 29 N Va 
=2=2 — 23%:5 — 8,89 Seconds, the Time of the Stone's : 
2 a 32,24 


Deſcent to the Bottom of the Well. (See Art. 12 ) 


z 
16. The Time of the Sound's Aſcent is . = * = 
b 446 


= 1,11 of a Second. But 8,489 + 1,/ 1 =1&f, 
4 
the whole Time, as it ought to be. 
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(CVII.) 1. The Stentorophonic Tube, or Spraking-Trumpet, plate 
is uſed for magnifying of Sound, particularly that of Speech, XX XIV. 


and thus ng it to be heard at a great Diſtance, how it 
does this will be eaſy to underſtand from the Structure there- 
of. Let ABC be the Tube, BD the Axis, and B the 
Mouth-Piece for conveying the Voice to the Tube. 

2. Then 'tis evident when a Perſon ſpeaks at B in the 
Trumpet the whole Force of his Voice is ſpent upon the Air 
contain'd in the Tube, which will be agitated thro' the whole 
Length of the Tube; and by various Reflections from the 
Side of the Tube to the Axis, the Air along the middle Part 
of the Tube will be greatly condenſed, and its Momentum 
propartionably increaſed, ſo that when it comes to agitate the 


Fzxow 


Fig. 8. 


* 
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From the fourth Property of the aerial Pulſes 
we have the Origin of the various Degrees of 
what we call the Note, Towns, or Tux E of 
Sounds, in regard of which they are diſtinguiſh'd 
into /ow and Higb, or grave and acute, by Muſi- 
clans call'd Flats and Sharps, Now the Tone 
of a Sound depends on the Time or Duration of 
the Stroke made on the Drum of the Ear, by a 
Wave or Pulſe of Air; for as that is longer or 
ſhorter, the Tone will be move grave or acute : 
And ſince all the Pulſes move equally ſwift, the 
Duration of a Stroke will be proportional to the 
Interval between two ſucceſſive Pulſes; and con- 
ſequently, a Sound is more or leſs Grave or Acute 


in proportion to the Length of that Interval. 


Air at the Orifice of the Tube AC, its Force will be as 
much greater than what it would have been without the 
Tube, as the Surface of a Sphere, whoſe Radius is equal to 
the Length of the Tube, is greater than the Surface of the 
Segment of ſuch a Sphere whoſe Baſe is the Orifice of the 
Tube 


3. For a Perſon 1 at B, without the Tube, will have 
the Force of his Voice ſpent in exciting concentric Super- 
ficies of Air all around the Point B; and when thoſe Super- 
ficies or Pulſes of Air are diffuſed as far as D every way, tis 
plain the Force of the Voice will there be diffuſed thro' the 
whole Superficies of a Sphere whoſe Radius is B D, but in 
the Trumpet it will be ſo confined, that at its Exit it will be 
diffuſed thro' ſo much of that ſpherical Surface of Air as cor- 
reſponds to the Orifice of the Tube. But fince the Force is 
given, its Intenſity will be always inverſely as the Number 
of Particles it has to move; and therefore in the Tube it will 
be to that without, as the Superhicies of ſuch a Sphere to the 
Area of the large End of the Tube nearly. 
4. To make this Matter yet plainer by Calculation; Let 
BD = g Feet, then will the Diameter of the Sphere DE=10 
Feet, the Square of which is 109, which multiplied by 047854, 
gives 78,54 ſquare Feet for the Area of à great Circle 
| Hsxcs 
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Hence it follows, that all the Sounds from the 
loudeſt to the loweſt, which are excited by the Vi- 


brations of the ſame Body, are of one Tone. It 
likewiſe follows, that all thoſe Bodies whoſe Parts 


perform their Vibrations in the ſame or equal 
Times, have the ſame Tone: Alſo, thoſe Bodies 
which vibrate foweft have the graveſt or deepeſt 
Tone; as thoſe which vibrate quickeſt have the 
ſharpeſt or forilleſt Tone. 

Tur Times of the Vibrations of Mufical 
Strings, and conſequently the Tones, vary in re- 
ſpe& of the Length, the Magnitude, and the Ten- 
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Aion of thoſe Strings. For if two Strings A B, plate 
CD, are of the ſame Magnitude, and ſtretch'd xxxv. 


by equal Weights E, F, have their Lengths as Fig. 1. 


AHEFC. And therefore 4 times that Area, wiz. 4x 78,54 = 
gry = Feet in the Superficies of the Aerial Sphere. 

now the Diameter A C of the End of a Trumpet be one 
Foot, its Area will be 0,7854; but, 7854: 314,16 :: 1: 400, 
therefore the Air at the Diſtance of B D will be agitated by 
means of the Trumpet, with a Force 400 times greater than 
by the bare Voice alone. 

5. Again, 'tis farther evident how Inſtruments of this Form 
aſſiſt the Hearing greatly; for the weak and lariguid Pulſes of 
Air being received by the large End of the Tube, and greatly 
multiplied and condenſed by the tremulous Motion of the 
Parts of the Tube and Air agitated by them, are conveyed to 
the Ear by the ſmall End, and ſtrike it with an mperus as 
much greater than they would have done without it, as the 
= n is leſs than the Area of the large 
A COIN 'tis evident the Effect of the 

ube in magnifying Sound, either for Speaking or Hear- 
ing, Foot, gac/s. be upon the Length wy the Tube. 


But yet ſome Advantage may be derived from the particular 


Form or Shape thereof, Some very eminent Philoſophers 
have propoſed the Figure which is made by the Revolution 
of a Parabela about its Axis as the beſt of any; where the 

Vol. II. H 2 to 
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2 to 1, the Times of their Vibrations will be in 
the ſame Ratio. Hence the Number of Vibra- 
tions of the two Strings AB, CD, perform'd in 
the ſame Lime, cvill be inverſely as their Lengths , 
or CD will make two Vibrations, while A B per- 
forms one. The Vibrations of two ſuch Strings will 
therefore co-incide at every ſecond of the leſſer. 
Fig. 2. AAN: If two Strings of the fame kind AB, 
CD, have their Diameters as 2 to 1, and are of 
equal Length, and tended by equal Weights 
E,F; the Times of the Vibrations will be as their 
Diameters, viz. as 2 to 1; and fo the Vibrations 
in a given Time, and the Co-incidences, as bes 
fore. 
LasTLy : If the Diameters and Lengths of 


Mouth- Piece is placed in the Focus of the Parabola, and con- 
fequently the ſonorous Rays will be reflected el to the 
Axis of the Tube. See the Figure of ſuch a 'Tube in Mu/- 
chenbroek's Eſſai de Phyſique. 

7. But this parallel Reflection ſeems no way eſſential to the 
magnifying of Sound; on the contrary, it appears rather to 
hinder ſuch an Effect, by preventing the infinite Number of 

4 Reflections and CIOS of _ in which, according 
to Sir Iſaac Newton, its Augmentation does principally conſiſt. 
For all reciprocal Motion, in every Return, is — by 
its generating Cauſe, which is here the tremulous Motion of 
the Parts of the Tube. Therefore in every Repercuſſion 
from the Sides of the Tube, the Agitations and Pulſes of the 
confined Air muſt neceſſarily be increaſed; and conſequently 
this Augmentation of the Impetus of the Pulſes muſt be pro- 
portional to the Number of ſuch Repercuſſions, and therefore 
to the Length of the Tube, and to ſuch-a Figure as is moſt 
productive of them. Whence it appears, that the Parabolic 
| Trumpet is of all athers the moſt unfit for this Purpoſe, inſtead 
| of being the beſt. 
8. But there is one Thing more which contributes to the 
Augmentation of thoſe Agitations of Air in the Tube, and 
that is the Proportion which the ſeveral Portions of Air bear to 
. 11 the. 
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the Strings be equal, the Times of the Vibrations 
will be inverſely as the Square Roots of the Weights 
which ſtretch them, If the Weights E and F be 
as 1 to 4 (the Square Roots of which are 1 and 
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2) then the Times of Vibration in AB and CD Fig. 3: 


will be as 2 to 1. Hence in conſtructing ſtring d 
Inſtruments, as SpIx RTS, HARsIcHhORDS, Cc. a 
ſkilful Artiſt will compound theſe Proportions of 
the Length, Diameter, and Trnſion of the Strings 
to very great Advantage. 


Ix Wind-Inſtruments, as the Furz, Orcan, 
Gc. where the Sound is made by the Vibration of 


u Column of elaſtic Air contain'd in the Tube, the 
Time of Vibration or Tone of the Inftrument 


will alſo vary with the Length and Diameter of 


each other when divided by tranſverfe SeQions, at very ſmall 
but equal Diſtances, from one End of the Tube to the other. 


Thus let thoſe ſeveral Diviſions be made at the Points a, 6, c, Pla 


d, e, &c. in which let the Right Lines à 4, 6, cm, dn, &c. be 


=... 
XXXIV. 


taken in Geometrical Proportion. Then will the Portions of Fig. 6. 


Air contained between B and a, aand 6, þ ang c, cand d, &c. 
be very nearly in the ſame Proportion, as being in the ſame 
Ratio with their Baſes when the Points of Diviſion are inde- 
finitely near together. | 

9. But it has beet ſhewn already, that when any Quan- 
tity of Motion is communicated to a. Series of elaſtic Bo- 
dies, it will receive the- greateſt Augmentation when thoſe 
Bodies are in Geometrical Proportion. Therefore fince the 
Force of the Voice is impreſs d upon and gradually propa- 
gated through a Series of elaſtic Portions of Air in a Geome- 
trical Ratio to each other, it ſhall receive the greateſt Aug- 
mentation poſlible. Ly | 

10. Now ſince by Conſtruftion it is Ba = ab = bc = 
cd, &c. and alſo 44: UI :: bl: enn em: dn, and fo on ; 
therefore the Points 4, I, m, u, e, p, 9, r, 5, A, ill in this Cafe 


form that Curve Line which is call'd the ens Curve 


Conſequently, a Trumpet form'd by the Revolution of this 


the 


Curve about its Axis will augment the Sound in a greater De. 
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the ſaid Column of Air, and Force of the Voice, 
which compreſſes it; as wlll be eaſy to obſerve 
from Experiments. 

Ir one Body be made to found with another, 
their Vibrations will co-incide after a certain In- 
terval; and the ſhorter the Interval of the Co- 
incidence, the more agreeable is the Effe& or 
Conſonance to the Ear; conſequently, thoſe 
which are moſt frequent produce the moſt per- 
fect Conſonance or Concord, as it is commonly 
call'd. When the Times of Vibration, there- 
fore, are equal, the ConcorD is moſt perfect and 
more agreeable than any other, and this is call'd 
Un1s0Nn. 

Ir the Times of Vibration are as 1 to 2, the 
Coincidence will be at every ſecond Vibration of 
the quickeſt, and ſo this is the next perfect Con- 
cord, and is what we commonly call a Drar A- 


$0N, or OcTave. 
Ir the Times of the Vibration be as 2 to 3, 


pee than any other figured Tube whatſoever. 
11. But to ſhew the Reaſon of the Nature and Name of this 
in Geome- 


is plain the Ratio of a to a® is 1, the Ratio of a* to a0 is 2, 
the Ratio of a* to 4 is 3, and ſo on; whence it appears, that 
the Indices of the ſeveral Terms expreſs the Ratios of thoſe 
Terms ſeverally to the firſt, and are therefore their arithms. 
Now if in the above-mention'd Figure we put the 

ak == i, ISA, em= a* = aa, kc. then 
will the intercepted Parts of the Ahſciſſæ be Ba = 1, Bb = 2, 
Be = 3, Se. and therefore the Logarithms or Exponents of 
the | Ratios of thoſe ſeveral Ordinates to the firſt or Unity. 
Hence the Curve which connects thoſe Ordinates is call'd the 


-- „ 
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the Co-incidence will be at every third Vibration 


of the quickeſt; which therefore is in the next 


Degree of Perfection, and this is call'd a Dia- 
PENTE, or FirTy. If the Times of Vibration, 


are as 3 to 4, the Co-incidence will be at every. 


4th of the leſſer; and this is call'd the DiaTes- 
SARON, or FOURTH. But this, and the next 
which follow in Order, are not ſo agreeable and 
pleaſant to the judicious Ear, and are therefore 
call'd Imperfect Concords. Nor are there above 
ſeven Notes in all the infinite Variety of Tones, 
which can merit a Place in Muſical Compoſitions, 
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and they are exhibited in Fig. IV. which repre- Plate 


ſents the Strings in an Octave of a Harpſichord, 

with the Semitones or Half. Votes, call'd Flats and 
Sharps, by which the natural Notes are made half 
a Note lower or higher, as the Air of the Song 


or Muſick requires. And this is call'd the Dia- 


Tonic ScaLE of Muſic. 

In this Scale, the ſeven natural: Notes are 
mark'd on the Keys by the ſeven Letters C, D, 
E, F, G, A, B. The firſt of which is call'd the 
Fundamental or KR; the reſt in Order are the 


Second Greater, the Third Greater, the Fourth 


Greater, the Fifth, the Sixth Greater, the SeventÞ 
Greater, and then the Eighth, which begins the 
next Octave. Between theſe are interpoſed the 
five Semitones, viz, the Second Leſſer, the Third 
Leſſer, the Fourth Leſſer, the Sixth Leſſer, the 
Seventh Leſſer. Theſe ſeveral Tones and Semi; 
tones have the Lengths of the Strings adjuſted 
from the Diviſion of the MonocaorD, or Line 

H 3 divided 


4 


XXXV. 
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divided into 100 or 1000 equal Parts, as is very 
eaſy to apprehend from the Figure. 

Tux Number of thoſe Diviſions are alſo ſhewn 
for each String, by the firſt Series of Numbers 
on the Strings; the next Series ſhew the Propor- 
tion of the Length of each String to that of the 
Key, or Monochord; and conſequently the Num- 
ber of Vibrations of the Fundamental and each 


String reſpectively, perform*d in the ſame Time. 


Plate 
XXXIV. 


7 Ip. 7. 


Or theſe twelve Intervals or Ratios of Muſical 
Sounds, the OFaves and Fifths are perfect Con- 
cords ; the third Greater, third Leſſer, the Grea- 
ter and Leſſer Sixth are imperfe# Concords ; the 
Greater Fourth, the two Seconds, and two Sevenths 
are Diſcords ; the Fourth is in its own Nature a 
perfect Concord, but lying between the Third and 
Fifth, it cannot be uſed as ſuch, but when join'd 
with the Sixth, to which it ſtands in the Rela- 
tion of a Third. All MeLopy and Hazxmony 
are compos'd of. theſe twelve Notes; for the 


- Oftaves above or below are but the Replications 


ef the ſame Sounds in a higher or lower Tone. 
MzLopy 1s the agreeable Succeſſion of ſeveral 
Muſical Sounds in any ſingle Piece of Muſic ; 
as Harmony is the Effect of ſeveral of thoſe 
Pieces or Parts of Muſic play*d together (CVIII), 


[CVII 1. In order to account for the Motion and Tone 
of an elaſtic String, or Mufical Chord AB, it will be proper 
to conſider it as tended or ftretch'd by a Weight, as F, accord- 
ing to its Length, and drawn out of its right-lined Poſition A B, 
into an oblique Poſition ADB, by another Weight, as E. The 
former may be call'd the Tending Force, and the latter the In- 
Hadi Foxce, | | ape; 
Harmo- 
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Harmonical PROPORTION is that which is 
between thoſe Numbers which aſſign the Lengths 
of Muſical Intervals, or the Lengths of Strings 
ſounding Muſipal Natgs; and of thres Numbers 


it is, when the Firſt i to the Third, as the Dif- 


ference between the Firſt and Second is to the Dif- 
ference between the Second and Third, as the Num- 


2. Now ſince the Tending Force F acts upon the String in 
the Direction DB, it may be repreſented by the Line CD 
which Line or Force may be reſolved into two others, wiz. CB 
and CD; of which the former draws the String horizontally 
from D to B, and the other acts in drawing the String directly 
upwards from D to C. Therefore the Part of the Force which 
acts in drawing the String perpendicularly upwards is to the 
whole Force as CD to DB; or, by ſuppoſing DC to be inde- 
finitely ſmall, as CD to CB; becauſe in . in Caſe DB = 
CB nearly. But the Force which acts in drawing the String 
upwards is equal to the Inflecting Force, becauſe they balance 
each other. Therefore the Inflecting Force E is to the Tend- 


ing Force F as CD to CB, or © Jo 


3. Therefore, putting CD=S, and 2 CB = L = the 
Length of the String, we ſhall have >> : E ; hence it fol- 
lows, that if F and L are given, that is, if the Tending 
Force and Length of the String remain the ſame, the Inflet- 
ing Force E will be always as the Line C DS. This is con- 
firm'd by Experiment: For if AB be a Braſs Wire 3 Feet 
long, ſtretch'd over the Pulley at B by a Weight F = 3 
Pounds; if then E be firſt 4 an Ounce, it will draw the Wire 
through CD = of an Inch; if E be an Ounce, it will draw 
it through CD = + of an Inch; and ſo on. 

4. The String being drawn into the Poſition ADB has an 
Endeavour to return, which is call'd the Refitutive Force, and 
which re· acts againſt the Iuflecting Force; it muſt therefore 
be equal to it, and conſequently proportional to the Line CD. 
Wherefore the Point D is carried towards C with a Force eve- 
ry where proportional to the Diſtance or Space paſs'd over, 

ut we have ſhewn, that the Spaces paſs d by Bodies in Mo. 
tion are as the Times and Velocities conjointly, that is S: TV, 


H 4 bers 


. 
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bers 3, 4, 6. Thus if the Lengths of Strings be 
as theſe Numbers, they will ſound an Octave, 3 
to 6; a Fifth, 2 to 3; and a Fourth, 3 to 4. 
Acain: Harmonical Myportion between four 
Numbers is, when the Firſt is to the Fourth as 
the Difference between the Firſt and Second is to the 
Difference between the Third and Fourth, as in the 


(See Annotation XXII.) alſo that the Force of moving Bodies 
is as the Quantity of Matter and Velocity copjointly, wiz. 


M=—QV; therefore RS =p or TM = SQ. But 


jn the preſent Caſe Qn. a given Quantity, therefore TM is 
as 8; and becauſe it has alſo been ſhewn that M is as S in the 
preſent Caſe of the String, therefore T, or the Time in which 
the Vibrations are made, whether through greater or ſmaller 
Spaces, is ever the lame, or a given Quantity. 

5. The Reftituent Force of the String, as it acts through 
very ſmall Spaces, may be look'd upon as uniform ; and then 
the Motion generated in the String will be as the ſaid Force and 
Time of its acting, that is, M: ET. Now in all Caſes it is 
M: QV; but here it is Q: D*L, — D = Diameter 
and L = Length of the String) there ET: DLV, 


n r bu bees wp had E Es, 


E T” 

ner. 2 LY, . 
D*L 

(lince 8: TV) we have *- 5 ＋ chereſqre T: rf ; that 


5 at D* L.*, therefore FT DL; conſequently, T 
N. fron is, the Time of a Vibration is at the Diameter and 


2 Lg of the String dire&tly, and as the Square Root of the 
Force inverſely. 

"6. Lieser if Fd P be given T is as L; that is, if the 
9 — of the String and its Lending Force continue the 
fame, the Time of a Vibration will vary with the Length of the 
String, or be always proportional to it. Thus 4 of t ono- 
chord vibrates in 3 of the Time that it does, "which 1 is call'd 


an Ofave ; : of the Monochord vibrates in 4 of the Time, 
Numbers 
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Numbers 5, 6, 8, 10: For Strings of ſuch 
Lengths will ſound an Octave, 5 to 10; a Sixth 
Greater, 6 to 10; a Third Greater, 8 to 10; a 
Third Leſſer, 5 to 6; a Sixth Leſſer, 5 to 8; a 
Fourth, 6 to 8. 


Ir may be here obſerved, that à Series of 
Numbers in Harmonical Proportion are reciprocally 


and is call'd a th; + vibrates in 1 of the Time, and is 
call'd a Fourth; and ſo on. 

7. If F and L be given, T is as D; that is, if the Tend- 
ing Force and Length of the String remain the ſame, he Time 


of a Vibration will vary with, and be proportional to the Dia- 
meter of the String. 


8. If D and L be given, then T is inverſely as F*; that is, 
if the Diameter and Length of the String be given, then the 
3 Vibration will be as the Square Roots of the Tending 

orce. 

9. Now as the Tone of a String de entirely upon the 
Time of a Vibration, it is eaſy to rſtand, that whatever 
the ſounding Body be, or how many ſoever there be together, 
if when they emit a Sound the Vibrations in each are of the 
fame Duration, they will all be of the ſame Note, Tone, or 
Tune, which is call'd Uni/er. 

10. In a Drinking-Glaſs, if a Perſon paſſes his wetted Fin- 
ger briſkly round the Brim of the Glaſs, preſſing it at the ſame 
time, he will by de raiſe Tremors or Vibrations in the 
Parts of the Glaſs, which will produce a Tone or Sound, which 
will be conſtant ſo long as the Action of the Finger is conti- 
nued, and more and more intended or heighten'd : So that if 
the Action be continued long enough, the Agitation will be ſo 
great as to diſengage the Particles, or break their Continuity, 
and thus reduce the Glaſs to pieces, if not too ſtrong. 

11. The Sound excited in the Glaſs ſeems one entire 
whereas it is in reality an A e or Aſſemblage of an in- 
definite Number of , effected by ſingle Vi- 
bration of the Glaſs; but as the Times of the Vibrations are 
ſo quick and ſhart, their Intervals will be imperceptible, and 
conſequently the Diſtinction of the particular Sounds, which 
will therefore be loſt, and the Whole will appear but one en- 
tire Sound. After the ſame manner a red-hot Coal whirl'd 


about makes the Appearance of a fiery Cirgle, hecauſe the 
' as 
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as another Series in Arithmetical Progreſſion, 
Harmonical 10: 12: 15: 20: 30: 60: 
. enn: vil 
for here 10:12::5:6; and 12:15::4:5; and 
ſo of all the reſt. Whence thoſe Series have an 


obvious Relation to, and Dependence on, each 


other; which in ſome Problems of ſpeculative 
RANG * will be very uſcful to know (CLIX). 


Coal * to every particular Point of the Circle ſo quick, 
that a new Impreſſion is made upon the Retina before the Ef. 
fe& of the laſt is obliterated, and ſo the Coal appears in every 


Part of the Circle. 
12. The Tremors of the Glaſs are made extremely ſenfible 


by putting a little Water into the Glaſs ; for the Agitations of 
the Glaſs will by degrees give Motion to the Water, which 
Motion will continually be increaſed till it be tarown up from 
the Surface in Form of a Milt all over the Glaſs, and to a 
conſiderable Height above it every way. It is remarkable 
that the Motion of the Water is in Form of a Vortex, circu- 
lating round by the Sides of the Glaſs, and raging with impe- 


ous Waves like the Sea after a prodigious Tempeſt. 
27 13. Or otherwiſe theſe Vibrations of the Glaſs are made 


ſenſible by adfuſting a Screw very near the Rim of the Glaſs; 

then upon 2 Glaſs, it will immediately be heard to 
ſtrike againſt the of the Screw ; which will ſhew not only 
the Vibration of the Glaſs, but alſo that in * the Form 


is alter d from circular to elliptical. 


(CIX) 1. Let A, B, C, be three Numbers in Muſical Pro- 


rtion ; then becauſe we have A: C:: A—B : BC, there- 
Fre AB—AC SAC BC; whence if any two of the 


three be givep, the other i is immediately found by the follow- 


ing Canons, viz 
Caxox I. If Aand be given, then C= Kg 


AC 
Caxox II. If A and C be given, then BAC 


CB 
Caxox III. If Band C be given, then A z 


2. Thus, for Example, ſuppoſe you would find a a 
F 
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Ir the chree Lines AD, BG, CH, be taken Plate 


in Muſical Proportion, or as the Numbers 6, 4, 2 
and in the Line AD we take AE equal to BG, 
AF equal to C H, then will the Line A D be di- 
vided in Harmonical Proportion, in the Points 
A, F, E, D; vis, AD: AF:: DE: E F. And 
in this manner is the Axis of a convex and con- 
cave Mirrour divided by the Obe, the Image, 
the Vertex of the Mirrour, and the Centre, as may 
be eaſily ſhewn by Experiment. 


F 
2 


TSC 
22? = 66,6, which is the Length of that Chord which is 
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uſually call'd the Fifth. . 

3. Again, If there be four Numbers in Muſical Proportion, 
* A, B, C, D; then, finceitis A: D:: A—B: C- D, we 
bare AC—AD=AD—DB, From which Equation we 
lave the following Canons. 


02ave 50=C; then by Canon IT. we have B = 


DB 
Canon I. 2 . 
Caxon II. B=2D—C x 5 
Canon III. C — 
AC 


Canon IV. DS NQF 


4. Hence, when any three of thoſe Numbers are given, 
the fourth may be found by the above Canons, Thus to the 
tiree Numbers 10, 8, 6, we find a fourth Harmonical Pro- 
portion, which is 5, the Octave; for thus the Theorem will 
kind AxC __ 10x6 _6o__ 

ST at ind hk 


5. But to carry this Harmonica Theory farther, and render 
tmore general; © | 


Ars0 
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Also the Limits of the Colours of Light, as 
ſeparated by the Priſm, fall upon the ſeven Muſi- 
cal Diviſions of the Monochord , as will be far- 
ther taken notice of, and exemplified in the next 


Lecture. 
I sHALL conclude this with taking notice of 


one ſingular Property of a Muſical Chord, viz. 
that it will be put into a vibratory Motion by the 


Pulſes of the Air proceeding from the Vibra- 
tions of another very near it, and in Concord 


Let the Terms of an Harmonic 
N Fa, B, C, D, E, F. Et. 
And let the Difference between 
each two be denoted by 3 N. N. O. P, d. &. 

6. Then will the Product of the two firſt Terms, wiz. 
A x B, be to the Product of any other two Terms immedi- 
ately ſucceeding each other as C x D, in the ſame Ratio with 
their reſpective Differences M and O. For by the Defin- 
tion of Muſical Ratio we have B. B _—_ 


Therefore Ax B: Cx D:: MxN:NxO::M:O. 


1 
Alſo J B: D:: N: O 
e: EE O:P 
Therefore Ax BX C: CX Dx E I:: Ax B: DE:: 
MxNxO:NxOxP:M:P. That is, AB: DE:: 
M: P; and fo on univerſally. 
7. Again; the Difference between the two firſt Terms M 


is to the Difference between any other two, as O, in the Ra- 
tio of B—2M to D; or M:P :: B=-3M:E; or M: Q:: 
B— 4M: F; and fo on continually. For, by the Nature of 
the Progreſſion, it is A: C:: M: N; and it is alſo A= B— 
M, (becauſe B-A — M) therefore it is B—M : C:: M:N; 
or, to put it in Form, we have M: N:: B— IM: C. A- 
in; E — M: M:: C: N, and by Diviſion B— 2 M: M 
N: N:: B: N; but (by the Definition, Art. 1.) it is 
B: N:; DP: O, therefore M: Q:: B— 2M: D. Again; 
Bz M: M:: D—O: O;: C: O: E: P; chereſare M: 
P B— 3M: E. And univerſally, let 2 = Number of 


with 


*2 *, 4 1 
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with it: If the vibrating String be Uniſon with 
it, the other will tremble thro* its whole Length; 
if an Oave, it will vibrate by the Half-Lengths 
only ; if the String which communicates the Mo- 
tion be a Double-Ofave above, or one Fourth of 
the Length of the other, the Motion will be 
{ill correſpondent in that other String, for it will 
vibrate only by the Fourths of its Length from 
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one End to the other. Thus if AB be a String pig. 6. 


four Feet long, and CD another of one Foot; if 


Terms in the Series between the firſt and the laſt, and let the 
lat Term be Z, and let the Difference between it and the 
= Term be 8; then will it be M: 8:: B— M 
8. Becauſe (by Art. 6.) it is M: S:: Ax B: VX Z, ſup- 
poſing Y, Z, the two laſt Terms of the Series; therefore 
Ax B: YXxZ :: B— 2M: Zz. 2 

x 


9. Becauſe the firſt Term of the Series is A = =, and 


B 
2 and 4 = Bf; thavekins 


AxB Ls 
BI In the ſame manner it is 
Ax B 


eum, that the third Term is C = i the fourth 
AxB 


Tens and univerſally, fince AxB:YxZ:: 
B—»M: Z, or, dividing the Conſequents by Z, Ax B: 
Vi B— M: 1; therefore Y = — ; and ſince 2 = 


Number of Terms between A and Z, it will expreſs the Num- 
ber or Place which the Term Y holds in the Series. There- 
fore any Term V is equal to the Product of the firſt and ſecond 
Term B of the Series divided by the Difference between that ſa- 
cond Term B, diminiſhed by ſo many times its Difference from the 
firſt, as is equal to the Number of the Terms from the firft to the 


tiven Term V. 


10, All the Terms in a Mufical Progreſſion are among them- 
the 


the ſecond Term is B = 
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| paribus ) the Air by its Impulſe received from B cannot by 
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the latter be ſtruck with a Quill, the Vibrations 
will be communicated to the former in ſuch a 
manner that it will vibrate only by a Foot-Length 
at the ſame time thro' the whole String ; which 
will be evident by the Fnall Pieces of Paper 4, d, 
J. b, hung upon the Middle of every Foot-Length 
ſuddenly leaping off; while the other Pieces à, c. 
e, g, i, remain unmoved upon the String at the 
End of every Foot, where the Vibrations ſeve- 
rally begin and end, and conſequently where the 
Line has no Motion at all (CJ). 


ſalves as Dnantities whoſe Reciprocal: conſtiture a Stries in His 
metical Progreſſion. Thus the Terms of the ies A, B, 


C, D. E, Ec. are (by Art. 9.) as =, — — 


Ax B Ax B . 
— e — which Series divided by AxB 
neee 
gives Series , to 
= * B I B—2M' B—3M' 


- _ But the Reciprocals of this Mufical Series are B, 
B—M, B—2M, B— 3M, toB—aM; which Tem: 
are all in Arithmetical . If the Harmonic Seri bad 
been decreafing, wiz. A— B M. B—-C=N, &c. ve 
ſhould have had A M—B, wiz. the Signs of Maud! 
changed, but every thing elſe the ſame. 


Cx) 1. What is here faid relating to Mirrours, and the 
Colours of Len will be — — and demonſtrated in its 
proper Place. That one Strin A ſhould be put into Vibri- 
tion by another B, by means TD is not ſtrange, be- 
cauſe the Air will affect the String A with the ſame Impulſes 
it receives itſelf from the String 3 If therefore the String 
A be under the ſame — — with the String B other. 
wiſe, (i. e. if it be of equal Magnitude, and equally tended) 
it muſt neceſſarily move in a ſimilar Manner, or vibrate in an 
equal Time. 

2. If the String A be twice the Length of B, then (cet 
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v4 A as to cauſe it to vibrate through its whole Length; but 
t will ſo affect each Half of A as to produce a ſimilar Effect, 
or equal Vibrations. Hence the String A will become divided 
the middle Point, which will be at Reſt. | 

z. And if the String A were three times as long as B, it 
ould be for the ſame Reaſon divided into three Parts, whoſe 
Vibrations are ſynchronous to thoſe of B, with two Points of 


Reſt between; and ſo on for any other Length. Alſo, if the 


Lengths of A and B are as 3 to 2, then if they are Concords, 
and one be ſtruck, the other will be into Motion by de- 
grees, and in ſuch a Manner that will alter the Vibrations of 
the firſt String B, and each will vibrate by their aliquot Parts, 
and therefore in equal Times. 


LECTURE 
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LECTURE VIII. 


Of the Nature and Properties of Liohr; the 
VtLociTy thereof bow diſcover'd and computed. 
Of the Nature of HAT, Fine, FLAuR and 
Burninc. Of the IoxEs Farui, Nocti- 
Luc, natural and artificial PHospHORI. Tht 
THrxory of HEAT and Col p. Of As Ess. 
Of the Nature and Effect of Buxninc-GLas 
SES, whether Mirrours or Lenſes. A Calcula- 
tion of the LicuT and HEAT of the Moon. 
Of the Cauſe of TrRanspartncy and Or acitY 
in Bodies. Of the RetLiecTion of Liohr; 
Of its InxLEcTION 3 Of the RerracTiION of 
Light, The Fundamental Laws thereof demon- 
ſtrated. The different Rexrg active PO WIR of 
various Subſtances. The Ratio of the Sines of 
Incivencs and REerracTion Rated. Of tht 
 Txuz and ArrA RENT PLacrs of Objects. Of 
#he AnaLvs1s of the Solar Rays; the ſeveral 
Kinps thereof, their different RErxAuOIII- 
LITY flated; ExptrimenTs relating thereto by 
tbe Parsu. Of the various Colours of Light 
by the Priſm ; the Harmonic RaT1o of their 
Linear Extent in the Sun's Image. The Co- 
LouRs of Natural Bodies thence explain d. Of 


the different RzrLExIBILITY of the Solar Rays, 


and Experiments relating thereto. The _ 
. 


Of Lienr and Coro nd; 


and Cauſe thereof enquired into. Of Rincs of 
coLour'd LicuT between GLass PLants, and 


BussLES of WATER. The different OrDErs 
and DronEks of the ſeveral Colours explain'd. 
The Fits of tasy REFLECTION and Trans 
M1SS1ON explain d. The Artificial Courosi- 


ron of Cotoutts. Of the RAO; its 


- Cauſe explain'd; Calculations relating thereto. 


The Phenomena of Hato's confider'd and ac- 
counted for. 


HAT Far is not abe Soli of 
ſome Bodies; but is itſelf a real Body; 
or diſtinct Species of Matter, 
dued with all the natural Properties thereof, will, 
1 preſume, be ſufftiently manifeſt from the fol- 
lowing Experiments relating thereto: We ſhall 
therefore, at preſent, take it ſtir granted, that 
Light confiſts ef iiconcervably ſhall Particles of 
Matter of di Magnitudes, which are erer 
or reflected from every Point in the Surface of 4 
luminous Body in Right Lines, and in all Di reflions, 
with an unparallel'd Velocity, and coboſe Power or 
— 24 decreaſes un the Squares of the Diſtances 
caſe 
Tur the Particles of Lightite ifrated theo 
the Hirnours of the Eye to the ; or fine 
Expanſion of the Optic Nerve ober all the in- 
teriot kinder Part of the Eye; and there, by 
anus the Images of exterhal Od ecta, become 
e immediate Means of Sight, will Wy ally 
ſhewn ia the heit LeCtiire. : T yur 
Pot: 11; I a 


and en- 
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Wr ſhall now conſider'd Light under the va- f. 
rious Characters and Qualities of a natural Body, fa 
and point out thoſe remarkable Affections and w 
Properties fo peculiar to itſelf, and the Cauſes of E 
ſo many very curious 3 Phæno- IL. 
mena in Nature. 220M all 

| Taar the Particles of Light a are ee 0 
ſmall, is evident from hence, that the greateſt Il Li 
Quantity: of Light, in the State of greateſt Pen- Re 
ſity, or Flame, is found to have ſcarce any ſen- ali 
ſible Gravity or Weight, which, we have ſhewn, Fi 
is always proportional to the Quantity of Meneg | by 
in all Bodies: Alſo, becauſe; thoſe — rot 


vade the Pores of all tranſparent Bodies, 
eycr hard or. heavy, as/Glaſs and, Adamant Rur 
we know it maze; eſpecially, from hence, that the 
Stroke we receive by a Particle of Light has no 
ſenſible Force or. Momentum, which, on account 
of i its prodigious: Velocity, would. be very great, 
and inſufferable, were ĩt ae afar e 
Gderable Magnitude. LAS 
Tur ſmall as they are, we find. the Rays. con- 
Giſt of different. Sorts of . Particles in Light emit- 
ted from all Bodies; and that this Difference of 
the Rays of Light ariſes from the different Mag: 
nitude of che Particles, ſeems moſt evident, from 
the different Directions the ſexeral Sorts of; Rays 
move in, after they have d. chro! a Body of 
Glas, Water, Sc. of ſort, ſpecial. Figures -4 
chat of a Prijm eſpecially. W 4 
Ta the Particles of Light are emirzed from 
every Point in the 0e of a Body, is evident 
4 1 from 
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from hence, that any given Point in that Sur- 

face is viſible to the Eye in any Situation, from 
whence. a Right Line can be drawn from the 
Eye to that Point; which could not be, if the 
Light were not propagated from that Point in 


all Directions. 
Tur they proceed. from the Body in Right 


Lines, is clear ly ſeen by Experiments on the Sun⸗ 
Beams, Candle-Light, Sc. in a darken'd Room " 


alſo from the Shadows which Bodies of every 
Figure caſt, being ſuch, as would be determined 
by Right Lines drawn from the luminous Point 
Wale the Extremities of thoſe Bodies (CX). 


(cx1 1. Before: Sir lan Netoten's Time, ſearce any thing. 
of the Nature, or Properties of Light was known. It had 
been eſtrem'd a mere or Modification of Matter, and 
was p ted by Pre and I know not what of ſuch 
Kind of Stuff and ſenſeleſs, Jargon; than which nothing can 
be more tireſome to read, or irkſome to repeat. Leaving 
therefore the idle Reveries of the Carteſiam, we ſhall con- 
template this glorious Phænomenon in the Newtonian Man- 
ner, which diffuſes Luſtre over the whole Face of WR and 
adds new Splendor eyen to Light itſel. 

2. That Light is a,material Subſtance, and what we pro- 
perly call Bady, is not to be doubted;; becauſe we find it is 
ſomething that has Motion, n ſome 
thing that acts upon Bodies, and produces great Alteration | 
id Changes in their Natures and Hows. It is ſomething 
taat Bodies act upon, by reflecting, inflecting, and finding 
r on their Surfaces, and in their Forea: A it would 

to have Weight, and al all other ſenſible H e of common 
a attef, were it not that the E render: 

em entitely i im 

5 Nor are pn by pr ht only 2 4 4 Body, Gat « as, 

the moſt ActivE Principe or mo a ge Nature. 
greatly queſtion if it be not the true Primum HED in Na- 
ture, br the” Spring, of Motion and Attios ip all other Bodies. 
Vere the Particles of Light to be annihilated, we ſhould ſee. 
10 e of Footheps of Fire 5 Heat, remaining, and there 
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Tux Velocity of the Rays of Light ſurpaſſes 
that of all other Bodies we know of. By ob- 
lerving the Times of the Eclipſes of Jupiters Sa- 
tellites when the Earth is neareſt, and again when 
it is fartheſt diſtant from that Planet, we ſhall 


fore no Power of Motion in Bodies, but all Things would 


le, as it would be abſolutely cold and dark. 
4. The Divine Wiſdom and Providence 
ing ſo remarkab 
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find, that in the former Caſe thoſe Eclipſes hap» 
pen oo ſoon, and in the latter 200 late, by the 
Space of $ Minutes and 13 Seconds; which 
ſhews, that in that Time the Light paſſes over 
the Semidiameter of the Earth's Orbit, which is 


Dr. Boerhague cauſed a Globe of Iron 12 Inches in Diame- 
ter to be heated red-hot, and ſuſpended at the End of a very 
exact Balance, and counterpoiſed by Weights at the other End 
"ey, nicely, and thus let it till all the Particles of Heat 
ight were eſcaped, when he found the Equilibre of the 
Balan no ways aker'd ; which plainly proves the aboye 


7. INV not only Magnitude, 
but that in rent Degree is another and perhaps the 


moſt ſubtle 3 of the Newtonian Philoſophy. The 
comparative Terms of Greater and Leſſer are now as applicable 
to the Particles of Light, as to any other Bodies. This is 


or Water; for the Power of the Priſm detains the iſſuing Par- 
eigen I edn pong eee 
Power is the ſame, it would have the ſame Effect on all 
Particles of Light, if they were all of an equal Magni 
becauſe they have all an equal Velocity. But fi 
ſect is different among the es, ſome N 
drawn aſide to a greater Diſtance than others, it follow 
muſt be leſs in Magnitude, 1 
l Lame Gin and — ge 0K} ſmall 
e uvia itate very 
3 ey tan they can wo 
thoſe which are larger. NT Ns whim won Hd 
of the Manner in which this Power acts re 
ys of Light. 
8, If Light were not reſlected from every 
Surface of a Body in all Directions every Way, 
be aflign'd a Point of Space where a Ray of Light fi 
a Point in the Surface does not come ; and there 
Point of the Surface could not be viſible, but becauſe 
Eye can find no Point of Space in all the vifible Hemiſphere 
reſpecting that Point, but where it is viſible, therefore a Ray 
of Light is reflected from that Point to every Part of Space, 
from whence a Right Line to that Point can drawn. 
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avout $2,000,000 Miles; which is at the rate of 
-170,000 Miles in a Second of Time, and which 


is therefore nearly 680,000 times greater than 


the Velocity of Sound (CXII). | 


9. That the Rays of Light proceed in Right-lined Di. 


rections, is evident from hence, that whatever the Figure 


the Body be, if it be held perpendicular to the Rays of Light, 


it will always caſt a Shadow of the fame Figure againſt a 
parallel Plane. Thus a Circle will produce a cirgular Sha- 
dow, a Triangle a triangular one, and fo on. Which plain- 
ly ſhews, that the Rays of Light paſs by the Extremities of 


*hoſe Bodies in Right - lined Directions, "excepting thoſe only 


which paſs contiguous to the Edges of the Body, for they 


will be a little inflected, which will cauſe the Extremity af 
the Shadow to be not ſo diftin and well defined as it other- 
"wiſe would be; of which we ſhall take farther Notice here- 


(CXIT.) As all the other Affections of Light, ſo that of 


Velocity, was utterly unknown to all the ancient, and molt 
of the modern Philoſophers, who, before the Time of Mr. 
Nraumur, were of Opinion that the Motion of Light was 
inſtantaneous, or that it was propagatedthro* immenſe Spaces 
in an Inftant. But Mr. Reaumur and other Philoſophers a- 


bout this time, making frequent Obſervations on the Eclipſes 


of Jupiter's Moons, found that the Time of thoſe Eclipſes 


did not correſpond to the Calculations founded a the 


- altronomical Tables; where the Fimes are all calculated for 


the Diſtance of the Centre of the Sun, and conſequently, 


- where the Eye of the SpeQator muſt be ſuppoſed to be in 


"ny the ſaid Eclipſes, Occultatione, &c. of Fupiter's 
2. To illuſtrate this Matter; let 8 be the Centre of the 


XXXVI. Sun, AB the Orbit of Mercury, C D the Orbit of Venus, EF 


Fig. 1. 


©” 


that of the Earth, and G H a Part of the Orbit of Jupiter. 

Let I be the Body of Jupiter, and K L its Shadow, OM N 
the Orbit of one of Jupiters Moons M juſt entring the Sha 
dow of Juſiter Now a Spectator at S would obſerve the 
Moon M to enter the Shadow juſt at the Time which is cal- 
culated from the Tables; but a Spectator at the Earth at T 
always obſerves it to happen ſooner, and when the Farth b 


in the oppoſite Part of its Orbit R, he will always obſerve it 


to happen later, by the Space of about 7 Minutes in both 
de e 1 AAN; 
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Of LicnT and Colobns. 
Acaiy: Since 'Light is propagated in Right 


Lines, its Power or Intenſity will decreaſe as the 


Squares of the Diſtances increaſe; and therefore 


the Light and Heat of the Sun at the Diftances 
of the ſix Planets, Mercury, Venns, Earth, Mars, 
Jupiter and Saturn, will be nearly as 700, 200, 
100, 43, 3, 1. ſuppoſing their Diſtances as the 


Caſes, This Obſervation gave the firſt Proof that Light us 


progreſſive, and took up about 14 Minutes to paſs over the 
Diameter of the Earth's Orbit from T to R, or 7 Minutes 
to paſs from the Sun S to the Earth T. 
3. But this, tho' a ſufficient Diſcovery or Proof of the 
ve Motion of Light, was yet but an Experiment in 
the Groſs, and not accurate enough to determine or define 
the true Rate of Velocity which did really belong.to Light. 
The Method by which it has been more nicely determined 
was hit upon in the following Manner: Tho' Sir aac Newton 
had demonſtrated -the Motion of the Earth from the Laws of 
Gravity, yet as his Book was underſtood by few, thoſe who 
could not comprehend his Method were willing to be ſatisfied 
of the Truth thereof otherwiſe, and rightly judged, that if 
the Earth did move about the Sun, it muſt neceſſarily cauſe 
an apparent Motion in any fix'd Object at a Diſtance from it. 

4. Thus if ABCD repreſent the Orbit of the Earth, and 
A and C the Place of the Earth at two oppoſite Times of 
the Year; then a fix d Object at E will be ſeen from the 
Earth at A in the Line AE, which will point out its apparent 
Place at G in the Concave Expanſe of the Sky H I. But at 
the oppoſite Time of the Year, it will be ſeen: from the 
Earth at C in the Line CE, which wil project its Place in 
the Heavens at F. So that while the Earth has paſs'd from 
A by D to C, the Object (tho' in reality fix'd) has appear'd 
to move thro* the Space G F; and the Angle which meaſures 
this apparent Motion of the Object, wiz. the Angle AEC, is 
call'd the Parallactic Angle, or Parallax of "the Anmal Orbit, 
becauſe it meaſures the viſible Appearance of the Diameter 
AC of the Earth's Orbit at the Object E. 

5. This being the Caſe, it was applied to the fix'd Stars, 
which they concluded would certainly bave an _ Mo- 
tion, or Parallax, provided an Inſtrument could be made ſuf- 
kciently exact to obſerve it, and this would be a ſatisfactory 
„ono 1 4 Numbers 
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Numbers 4, 7, 10, 15, 52, 95- wy 
From the ſtupendoys Velocity of lumino 


* 


Particles ariſe their prodigious Effects in regard 
of Heat, Flame, Burning, Melting, &c. Thuy 
- when they are conſiderably denſe, they act very 
forcibly on the Parts of an animal Body, and 
raiſe the Senſation of Heat, by the great inteſtine 
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that the Star was mqr 
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Motion which they produce in every Part. Hence 
all other Bodies are hotter qr colder, as they con- 
tain a greater and leſſer Quantity of ignitious Par- 
ticles, and ſa have a greater or leſſer Degree of 
inteſtine Motion of thg Parts. 

Ir theſe lucific Particles are ſufficiently imbibed 
or generated in any opake Body, they cauſe it to 


ſerv'd at C, as before, but at D in the Line BD parallel ta 
AC; for let AB be divided into the equal Parts A a, a6, 
bc, cd and 4B, then thro' thoſe Points draw the Lines @ e, 
bf, cg, dh, parallel to AC and DB. Now let the Velo- 
city of the Earth be to that of Light as A B to CB. When 
the Earth ſets oat from the Point A, ſuppoſe the Ray of 
Light commences its Motion from the Star at C in the Di- 
rection CB ndicular to A B; then 'tis plain when the 
Earth is arrived at a, the Particle of Right be got to 7, 
the Point where ae cuts BC, and the Star will be ſeen in 
the Direction ai, and appear at . In like manner, when 
the Earth is at ö, the Particle of Light will be gome to k, 
and will appear at 7, and ſo on; when the Earth is at c, 4, B, 
the Particle will be at J, , and B, and the Star will appear 
at g, b, and D. 

8. If therefore the Line C A repreſents the Axis of a Te- 
leſcope, making the Angle BAC with the Direction of the 
E he comes to B he will ſee the 


at D, which he could not do if the T was di- 


rected in the i Line BC; but the Di of 
the Poſſtions of the Lines DR and RC, ar the Angle DBC, 
u ſo very ſmall, as to amount to no more than 207 15, 
which gives the Proportion of the Sides BC to CD or AB, 
— e eee ion 
and two Hundred and ten Times the Velocity 
of the Earth in her Orbit. N ef * 
9. But the Velocity of the Earth is known, which is 
$00,000,000 Miles in 365 Days, or about 56, ooo Miles 
ter Hour, whence the Velocity of Light will be found to be 
I 


ſuch as carries jt thro” rhe of 170,000 Miles, 
897,600,000 Feet in 444 4 


(rom the Sun to us in 87 a 137. 


Height, or 5280 Feet, the Velocity with which it goes from 
dle Mopth of the Cannon is the uniform Velocity of 10,560 
ä r ſhine, 


and therefore it will paſs 
10. If a Cannon will throw a Ball 1 Mile perpendicular 
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ſhine, or glow, or become red-hot; and by their 
prodigious Activity will in Time diſunite, dif- 
ſolve, and deſtroy its natural Texture, and thus 
change its Form, and reduce it to another Spe- 
cies of Matter; even tha 4/b:ftos not excepted 
(CXIN). os 


Feet per 18“ (which is the Time of the perpendicular Aſcent 

or Deſcent,) and therefore the Velocity of the Cannon Bal 
is 578 Feet per Second. Whence the Velocity of Light i 
to that of the Cannon-Ball, as 897,600,000 to 578, or a 
1,5 50,000. to 1 nearly. 

11. The Doctor found that the Parallax of the fix'd Stan, 
inſtead of amounting to many Seconds, as many have deduced 
from their Obſervations, does not make one Second; and from 
thence it follows that the above-mention'd Star, in Draco, is 
above 400, ooo Times farther from us than the Sun; ard 
conſequently, that the Light takes up above 493%x 400,000= 
497,200,000" Seconds, (which is more than fix Years,) in 
coming from that Star to us. In the mean Time we may 
reflect how different are the Places of the Sun, Moon, and 
Planets in the Heavens from thoſe in which they appear. 
Thus, ſetting aſide the Refraction of the Atmoſphere, whe! 
the Centre of the Sun is really aſcending in the Horizon, f 
will be 8'- 13* after, that we obſerve it there; in which 
Time the Sun will be far advanced in the Heavens. 

722 12. The Motion of the Earth is by this Method abſolute 
rt. 2 demonſtrated, and therefore put beyond all Doubt and Ob- 
ele oh zac jection; they who deny it now muſt confeſs themſelves wholly 
As z. 2p rant of one of the fineſt and moſt important Diſcoveries 
Shr #40 4 t was ever made in 4/rovomy, and which was finiſh'd in 
Fr, rc / the Year 1728 concerning: Which, ſee: Dr. Bradley's on 
{ 33, Account in Phil. Tran{. Ne, 406. which we ſhall farther &- 


© 


2 x * plain in a future Part of this Wort. 
as . i en lo 120 
CXIII ) 1. That Mat, Fire, Flame, &c. are only, the 


70 different Effects and Modifcations of the Particles of Light, 


74 of: 
- i + Keul. » I think, very evident; and the Particles of Light thom- 
1197. elves depend entirely on Velocity for their /ucific Quality; ſince 


7 
fo - by many Experiments we know that the Particles of Bodies 
7 become lucid, or Particles of Light, by only producing U 
1153 them a requiſite Degree of Velocity thus the Particles in 2 
Rod of Iron, being bammer'd very nimbly, ſhire and be- 
| I 
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Ir the ignific Particles of Light are ſufficiently 
condenſed, as the Rays of the Sun by a Lens or 
Burning-Glaſs, they become ardent, and burn with 


come red-hot; thus alſo the violent Stroke of the Flint againft 
the Steel, in ſtrik ing Fire, puts the Particles of the Steel 
which it takes off into ſuch, a Motion as cauſes them to melt, 
and become red-hot, which makes the Sparks of Fire pro- 
duced by each Stroke. The ſame Thing you may obſerve in 


many other Caſes. | | | 

2. As Fire conſiſts in the great Velocity of the Particles, ſo 
it may be communicated from one Body in which it is to an- 
other in which it is not, after the ſame Manner that one 
Body in Motion will commanicate Motion to another Body 
that has none. Fire differs from Heat only in this, that Heat 
is a Motion in the Particles of a Body with a leſſer Degree 
of Velocity; and Fire a Motion with a greater Degree of 
Velocity, viz, ſuch as is ſufficient to make the Particles 
ſhine, tho" we often call ſuch a Degree of Heat as will burn, 
Fire, tho“ it does not actually ſhine; and we ſeldom call 
thoſe lucid Bodies Fires which anly ſhine and do not burn. 
Theſe are a Sort of Pipi, which tho“ they have no Heat, 
yet ſeem to owe their Lucidity to the Motion of the Parts, 

3. This T think will appear for the following Reaſons ; 
(1.) We obſerve ſeveral of thoſe Pheſpbori are owing to Pu- 
trefaction, as rotten Wood, very ſtale Meat, eſpecially Veal, 
ſome Sort of Fiſh long kept, as Oyfters, Lobfters, "Flounders, 
Whitings, &. which Putrefaction is the Effect of a flow and 
gentle Fermentation, and that conſiſts in the inteſtine Mo- 
tion of the Parts as we have formerly ſhewn. (z.] Moſt of 
thoſe Phoſphart have their Light ſo very weak 5 to ſhine 
only in the Dark, which ſeems to indicate a leſſer Degree of 
Velocity in the Parts than what is neceſſary to produce Heatg 
for ſuch a D of Velocity will cauſe Bodies to ſhine in 
open Day-Ligbt. (z.) Some of thoſe Nafiluce, or Bodies 
which ſhine in the Darke, are the Parts of animated Bodies, 
as in the Glow Worm, a ſmall Sort of Centiped?, &. but all 
the Parts of "an' Animal are widoubtedly in Motion. (4.) O- 


ther Phoſp her put on the Appearance of 'Flathe, as the Jemis 


Tatuus, the Writing of common Pbeſtboru made from Urine, 
Flaſhes of Lightning, Ec. but all Flame is nothing but a kindled 
Vapour, whoſe Parts are all in Motion, but may be too weak 
to cauſe Burning. (z.) Several of thoſe. innocent lambent 
Flames may have their Matter fo 'agitated, or the Velocity 
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an Intenſity proportional to the Denſity of the 
: Rays in the Focus, or Burning-Point of the Glaſs, 
which Denſity of Rays in the Focus is always 


pf their Motion fo increaſed, as to produce Heat and burn; 
thus the Writing of Phoſphorus on blue Paper, ſuffici 
rubb'd, will immediately kindle into an ardent Flame, 
burn the Paper. (6.) Thoſe Phoſpbori ſeem to have the 
eſſential Nature of Fire, becauſe they are ſo eaſily ſuſcep- 
tible of a burning Quality from Fire; thus common Pb 
pherus is immediately kindled into a moſt ardent and iner. 
tinguiſhable Flame by common Fire. (7:) Jn ſtroking the 
Back of a black Horſe, or Cat, in the Dark, we produce in- 
numerous Scintille, or lucid s; in the ſame Manner 21 
rubbing a black Piece of which has hung in the Sun 
to dry, will cauſe it to throw out the Particles of Light 
which it had imbibed from the Sun; whereas a white Piece 
Cloth, which reflects moſt of the Sun's Rays, emits no ſuch 
lucid Sparks in the Dark. Many other Reaſons might be 
urged to ſhew that Light of every Kind is owing to one 
and the ſame Cauſe in a greater or leſſer Degree, v1z. to tr 
| rey of the Parts of the lucid Body. 
4. It has been juſtly obſerved by ſome of our modem 
Philoſophers, that a&ua/ or abſolute Heat is to ſenſible or 
-lative Heat the ſame as Motion is to Yelccity; for abſolute 
is nothing but the whole Motion of all the Parts of the 
or relative Heat reſpects only the 
the Parts. Thus equal Bulks of Mer- 
in a Sand-Heat, where the Heat of the 


Q ti | | h 4 uch 
823 of Water will do; or it will make the ſaws 
Quantity. of cold Water 14 times hotter than the ſame Quar- 
ity of hot Water can. All which is eaſy to be ſhewn b 

and abundantly proves the Truth of the ſore- 


going Thepry, viz. That les and Fir * evi 
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as the Area of the Burning-Glaſs direftly, and the 


Square of the Focal Diſtance inverſely. Thus ſup* 


pole the Surface or Area of one Glaſs contain'd 12 


the Vehcity of the Parts of the he 
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ſquare-Inches, and its focal Diſtance were 8 la- 
ches; and the Area of another Glaſs were g 


{quare Inches, and its focal Diſtance 4 Inches; 


8. Whatever be the acting Principle in Freezing or Conge- 
lation, tis certain, the Modus Agendi, or Manner of Operation, 


muſt be to diminiſh the Velocity of the Parts of the congeal- 


able Subſtance to a BYE Degree, by which means the 
Fluidity will be loſt, and the Parts become rigid and fix'd. 
Thus if the inteſtine Motion of the aqueous Particles be abated 
by the Admixture of any extraneous Body, the Parts will be 
no longer fluid, but remain to Appearance fix d in a Congela- 
tion, and become a Body of Ice. Whatever this Principle of 
Freezing be, it is certainly of a /alint Nature, becauſe ti 
well known Salt will greatly increaſe the Coldneſs of Water, 
Ice, or Snow.; and freezing Mixtures ate always made there- 
with, by equal Quantities of each. | 8 

9. On the other Hand, fix'd Bodies are render'd fluid by 
Heat, only by increaſing the Velocity of the Parts; thus Ice 
becomes Water, thus Metals are put into Fuſion, and a 
greater Degree of Heat gives a ſtill greater Degree of Ve- 
locity to the Parts, and throws them off in the Form of 2 
Steam or Vapour. This Steam of Vapour, if it conſiſts of ſuch 
Particles as will admit of a proper Inereaſe of Velocity, will 
conceive it very readily, and kindle into a Flame, at the Ap- 
proach of a Body whoſe Parts are thus in Motion; that , 
of Fire or Flame.. Los Yo P 4 WY * . 

10. There ſeems to be no other Difference between Fir: 
and Flame than this, that Fire conſiſts in a glowing Degree of 
Velocity in the Parts of a Body while yet ſubſiſting together 
in the Maſs ; hut Flame, is the. ſame Degree of Velocity in 
the Particles diſſipated and, flying off in Vapour ; or to uſe Sir 
* Newton's Expreſſion, Flame il nothing ede but @ red 6 


ws» Effect of Fire in burning confiſls in this, that the 
Velocity of the Particles of Fire 55 fr increaſes the Velo- 
city of the Parts of the Body to which it is applied, as to 
cauſe a Separation beyond the Sphere of corpuſcular /Attric- 
tian, by 29 means the Body will be diſſolved, and the 
Particles which are volatile will fly off in the Form of Steam, 
oma, FIR, 85 while that which remains appears in the 
orm ot Alx, * ut, Mortuum, K. * noiu 
/ ,12., The Fans of Ge B Tet Soft il 
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Of Licur and Col. ou Rs: 
hen the Effects or Intenſity of Burning would 


be as 22 to 3%, Or as 12 Xũ 16 to 9 x 64, Biz. as 


4 4 „ 


others again are to be found whoſe Parts are of ſuch 1 N- 


ture, or ſo fix d, as not to yield to the Force of Fire, or the 
Velocity communicated to them will not be able to diſſolve 


the cotpuſcular Attraction; but when this glowing Velocity of 


the Parts is abated, or, in other Words, uhen the Fire in the 
Body is extindt, the Parts (and. of courſe the vhole Body) ap- 
pear E Of, which Sort of: Subflance we have a no- 
le luſtange in ul call'd 
-_ "The Stone is found in divers Parts of the World; par- 
ticularly: in M ales a great deal may be ſeen» adhering co, and 
growing up with the Stone of many of their Quarries.. , 


(CXTV.)"1.. In order to account ſor the Nature of Eu- 
1. GtAssEs, whether Mirrows or Linſes, we miuſt conſider 
the Atea of their Surfaces, and the focal Diſtance; becauſe 
both theſe Quantities enter into the Expreſſion of their Power, 


Foſkil caJl'd.the {/ce/los. or Amianthus 
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of Burning. Let AB, and I K, be two' Mirtours, expoſed Plate 
direaly to the Rays of the Sun CD, EF, and LM. NO; XXXVI. 
then will all the Rays, falling on the Surface of theſe Mir- Fig. 4, f. 


rours, be reflected to the Focus of the Glaſſes, where they 
will be concenter'd, not in a Point of Space, but into a ſmall 
round circular Area GH, and PQ. e 

2. Now this circular Spot is the Image of the Sun in- 
verted, in both Glaſfes; and the Angle under which the I- 
mage of an Object appears from the Centre of the Glaſs R 
and 8, is equal to the Angle under which the Objeq ap- 
pears; all which will be ſh&wn hereafter. Therefo 235 An- 
gl GRH==PSQ, and conſequently the Cones GRHand 


Sue fimilar, and the Areas of ther Baſe, GH and PQ, 


will be as the Squares of their Heights RH and, S Q. char 
ib, asthe Squares of their focal Diltanices direQly. 

3. Let A = Area or Surface of the large Glafs a= that 
of the leſſer, F and f the focaf Diltances,' and P and p the 
Power of Burning in each. Then, ſince while the focal Di- 
ance remains, the Power of Burning (P) will be as the Den- 
ity of the Rays in the ſolar' Spot HG; and this Denſity 
of the Rays will be as the Naniber of Rays veflefted thi- 
ther by the Glaſs, 'which Number of Rays will be as the 
Surfice of che Mirtour (A) 1 therefore P will de as A di- 
55 in a Mirrour of the ſame Concavity, that is, P: p: 
Aa, ; 
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Of Licnt and Corouss. 
Wurn Rays of Light fall on the Surface of 


an opake Body, patt thereof are reflected to the 
Eye, which render it viſible; the other Part is 
tranſmitted, and varioully refleted thro” the 


Again, if the Ares of each Glas be the rr: the fame 


ys will be greater, the lefs the Spot is in which they ar 
tontain'd; conſequently the Power of Burning (P) in this 
i the Area of the ſolar Spot, or the focal 


as 
Diſtance, that is, P will be as Fr; or P : þ 2t Fr : = 


5. Confequently when neither the Area of the GlaG not 

Diſtance is given, we have the Power of Burnin com- 

pounded of the direct Ratio of the Area and inverſe Ratio of 

the Squate of the focal Diſtance of the Glaſs ; or we have 
P: 2 : Af*:aF*; which is the Rule above laid down. 

It has been ſhewn { Azner. XCIII.] that the Heat of: 

i times greater than that of the Sum- 
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Pores of the Body, till it becomes totally ſuffo- 
cated and loſt therein; and ſince none of thoſe 


Rays come from the intetior Parts to the Eye, 


we can fee nothing of the internal Subſtance of 


7. Of Burning Glaſis we have ſome extraordinary, In- 
ſtances and ſurprizing Accounts of their prodigious Effects. 
Thoſe made of reflecting Mirrours are more powerful than 
thoſe made with Lenſes, (cæteris paribus) becauſe the Rays 
from a Mirrour are reflected all to one Point neatly, whereas 
by a Lens they are refrafted to different Points, and are 
therefore not ſo. denſe or ardent. Alſo the whiter the Me- 
tal or Subſtance is, of which the Mirrour is made, the ſtrong- 
er will be the Effect; and it is obſervable, that the great 
Mr. Boyle having made a very large Mirrour of black Mar- 
ble, it would not ſo much as ſet. Wood on Fire, tho' ex- 
poſed a long Time in the Focus, ſo ſmall a Quantity of Rays 
are reflected from black Surfaces, the Reaſon of which we 
ſhall hereafter explain, , _ | ; | 

8. Among a great Number of Mirrours made for burning, 
melting, calcining, and witrifying Bodies, that of Mr. Villette 
is worth our Notice; it was 3 Feet 11 Inches in Diameter, 
and its focal Diftance was 3 Feet 2 Inches. The follow- 
ing Experiments were made with it by Dr. Harris and Dr. 
Deſaguliers. | 

1. A red Piece of Roman Patera began to melt in 3//, 

and was ready to drop in 1007, . _. 

2. Another black Piece melted at 4”, and was ready to 

drop at 64". | 
3. Chalk taken out of an Echinus Spartagus, fled away 
in 33. 

4. A Foſie-Shell calcin'd in 7”. 12 

5. A Piece of Poinpey's Pillar at Alexandria vitrified in the 
black Part in 50%, and in the white Part in 54. 

6. Copper - Ore vitriſed in 8. OLE 

7. Slag, or Cinder of ancient Iron-Work, ready to run in 
202. | 

8. Bon- Oe fled at fit, but melted in 244%, 

9. Talc began to calcine at 40”, and held in the Focus 
647. | 

10. Calciidus humanus was calcined in 2", and only dropp'd 
off in 60%. 


11. A great Fiſh's Tooth melted in 322. 


12. The ee ſeem'd a little condenſed in 287, and 
Vox. II. K fuch 
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ſuch a Body, which therefore is ſaid to be opake. 

BuT when Rays of Light fall on tranſparent 
Bodies, part is reflected at the firſt Surface, and 
part is tranſmitted into the Body, which is re- 


Mr. Fillette ſays, the Glaſs uſually calcines it. 

13. Marcaſite of Gold broke to Pieces and began to melt 
in about 30“. 

14. A Silver Six-pence melted in 7%. 

15. A Copper Half-penny (of King Milliam's) melted in 
20”, and ran with a Hole in 30“. 

16. A King George's, ditto, melted in 16”, and ran in 

" 


83 

17. Tin melted in 3“. 

18. Caſt Iron melted in 167. | 

19. Slate melted in 3”, and had a Hole in 6”. 

20, Thin Tile melted in 4”, had a Hole and was vitrified 

in 80”, 

21. Bone calcined in 4”, and was vitrified in 33". 

22. A Diamond weighing 4 Grains loſt 4 of its Weight. 

9. The Power of Burning, in Yillerte's Mirrour, may be 
eomputed, and compared with the Heat of Wood-Fire, as 
follows: Since the focal Diſtance RX is 38 Inches, and the 
Angle under which the Sun's Image in the Focus, appears at 
8 is equal always to 32/ of a Degree; therefore if we 

1. 

As Radius — — — — po oo = 10,000000 

Is to the I HEX=o" 1% = 5.667849 

So is the focal Diſtance g RX= 38/ — 1, 585461 

To the Semidiameter o 

the ſolar Spot [ HX = 0,179 = 9,253310 

Whence 2HX = 0,358 of an Inch, the Diameter of the 
ſolar Focus; but the Diameter of the Mirrour was 47 In- 
ches; now 47 x 47 = 2209, and 0,356 x ,358 = 0,128, 
Sc. wherefore 2209 is to o, 128, as the Denſity of the Rays in 
the Focus to their common Denſity ; but 70,128)2209(= 
17257; which ſhews that the Mirrour condenſed che Rays 
Seventeen Thouſand Two Hundred and Fifty-ſeven times. 

10. Since Rays but 35 times denſer than in their natu- 
ral State with us, have a Power of Burning equal to Wood- 
Fire, if we divide 17257 by 35, the Quotient will be 493; 
therefore ſuch a Mirrour will burn with an Intenfity of Heat 
493 times greater than conunon Fire, No wonder then that 
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fracted in Right Lines to the ſecond or lower 
Surface, where it is again partly reflected and in 
part refracted into the Air, and coming to the 


Bodies which remain unalter'd by the Force of our greateſt 
common Fires (as that of a Glaſs-Houſe, where Gold has been 
found to lie ſeveral Days in Fuſion, without any ſenſible 
Loſs of Weight) ſhduld immediately become fuſed, fume a- 
way in part, part be diſſipated and driven away in large Par- 
ticles, and part remain in the Form of a Caput Mortuum; 
all which Phænomera have been obſerved of Gold in the 
Focus of a large Burning-Glaſs. And how rudely ſuch a 
Glaſs would treat the Principles of the Chymifts, and what 
Confuſion it would induce in their Arithmetic of Elements; 
they will be better certified of, when they ſhall attempt to 
analyſe Nature, and reduce Subſtances to their original brin- 
ciples, by more active and effectual Means than Laboratories 
at preſent afford. 

11. Notwitaſtanding the prodigious Denſity of the Rays 
in the Focus of thoſe large Burning-Glaſſes, yer it has been 
always obſerved, that the Rays reflected to us by the Moon 
when at Full, and concenter'd in the Focus of thoſe Glaſſes, 
produce no Heat that is ſenſible in the leaſt Degree, as is 
demonſtrated by holding a Thermometer in the Focus of 
lunar Rays, which always remains without the leaſt Ap- 
pearance of Motion, The Reaſon of this will appear by the 
following Calculation. 

12. Let ABD be the Earth, C its Centre, MO the 
Moon, N the Centre, Ne the Semidiameter of the Moon, 
Which is equal to 1087,5 Eg Miles; the Semidiameter 
of the Earth D C = 4000 Miles; the Diſtances of the Cen- 
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tres of the Earth and Moon N C = 240000 Miles. Then Fig. 6. 


ſince the Rays of the Sun's Light at the Moon are of the ſame 
Denſity as with us (as being parallel); and fince the lunar Rays 
are only the ſolar Rays reflected to us by the convex Sur- 
face of the Moon; and laſtly, ſince parallel Rays are re- 
fletted by a ſpherical convex Surface, in ſuch a Manner as to 
go after Reflection diverging from a Point which is + the 
Semidiameter of the Sphere diſtant from the Vertex (as will 
be ſhewn hereafter) ; therefore ſuppoſing the Surface of the 
Moon to be perfectly ſpherical and poliſhed, we may com- 
pute the Denſity of the ſolar Rays reflected from the Moon 
to the Earth as Lowa. | 

13. Let ab, cd, be two parallel folar Rays falling on 
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Eye, renders the internal Parts of thoſe Bodies 
viſible, which for that Reaſon are ſaid to be dia- 
phanous or tranſparent (CXV). 


the Surface of the Full Moon, theſe Rays will be reflected to 
the Earth in the Directions bg and 4+ diverging from a 
Point / in the Radius Ne, half way between N and e. Now 


the Denſity of the Rays falling on the Moon will be to thoſe 


reflected at the Earth's Surface, as the Square of g þ to the 

uare of 5 d, or as the Square of 7 D to the Square of 
Fe; but fe= 544 Miles, and FD (= NC—CD—N f= 
240000 — 4544 =) 2354563 and the Square of 235456 is 
to the Square of 544, as 187400 to 1 nearly; conſequently 
the Denſity of the lunar Rays is to that of the ſolar Rays at 
the Earth's Surface as 1 to r87400 nearly; therefore a 
Burning-Glaſs muſt condenſe the lunar Rays 187400 times 
to make them have the Heat of the common Sun-Beams. But 
this is 10 times more than Villette's Mirrour can effect. 

14. Now this is all upon Suppoſition that the Moon is a 
Sphere, and its Surface a perfect Poliſh, whereas neither of 
theſe Things have Place in Nature; for the Moon is not a 
Sphere but a Spheroid, and her Surface very unequal or un- 
even, on both which Accounts the Reflection of Light muſt 
be- many times weaker than we have ſuppoſed it; and ac- 
cordingly Mr. Bowguer, by Experiments, has found that it is 
about 17 times leis, or that the Denſity of the lunar Rays is 
to that of the ſolar as 3000000 to 1; wherefore a Burning- 
Glaſs muſt condenſe the Rays of the Moon near 3000000, ;. 6. 
three Millions of times, to make them warm enough to raiſe 
the Liquor of the common Thermometer; which is an Ef. 
ſect almoſt 200 times greater than Villeite's Mirrour can pro- 
duce. | 


(CXV.) 1. The Opacity and Tranſparency of Bodies in ge- 
neral is thus occaſion'd: Let A B be the Surface of an opake 
Body ABCD, a Ray of Light GH falling thereon in the 
Point H will in part be reflected into the Ray HI, and by 
this reflected Ray the Point H becomes viſible to the Eye at 
I; and thus all the Points, and conſequently the whole Sur- 
face, is made viſible by that Part of the Light which it re- 
flects 


being irregularly refracted and reflected throꝰ its internal Sub. 
ſtance of Particles and Pores, becomes divided, diſſipated, 
WHEN 


2. But the other Part of the Ray entring into the Body, 
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WHEew a Ray of Light HC falls on any 
plain, convex, or concave Surface, as AB, DE, 
FG, in the Point C, the Angle HCK, made 
by the incident Ray HC and the Perpen- 
dicular K C, 1s always equal to the Angle K CI, 
made by the ſaid Perpendicular and the reflected 
Ray CI: Or the Angle of Incidence is equal to 


abſorb'd and loſt therein; and therefore as none of the Rays 
can come from the internal Parts to the Eye, ſo none of 
thoſe Parts can be viſible, and the Body is in that caſe ſaid 
to be opake. 

3. In order to this we muſt conſider, that tho* the whole 
Body be opake, yet the Particles of ſuch a Body are not 
ſingly opake, but freely tranſmit the Light without reflecting 
any Part between the Surfaces, and are therefore in them- 
ſelves tranſparent; and were thoſe Particles contiguous to 
each other, the Light would paſs from one to another (and 
ſo thro* the whole) without Reflection, as we find by Expe- 
riment it will paſs thro* ſeveral contiguous Pieces of poliſh d 
Glaſs, and thus produce Tranſparency. 

4. But if the Particles do not touch in ſuch manner as ta 
leave the Interſtices or Pores exceeding ſmall, there will be a 
Reflection of Light at every Pore from the Air which it there 
meets with, as being a Medium of different Denſity. For 
it is known by Experiment, that tho' a Ray of Light will paſs 
from one Piece of Glaſs to another, that is contiguous with- 
out Reflection, yet will it not paſs from the Glaſs thro' the 
contiguous Air without being in part reflected; conſequently 
where the Pores are large and very numerous, there the Re- 
flection of the Light will be ſo great upon the whole, as to 
cauſe a total Diſſipation and of the Light that enter'd 
the Body, and ſo render it opake. 

This is confirm'd by taking ten Pieces of clear Glaſs, 
laying them one upon another over a Leaf of Print, quite 
dry, and having only Air between them; then taking ten 
other Pieces of the ſamg Glaſs, and putting them into Water, 
ſo that it may fill all their Interſtices, and then laying them 
on the ſame printed Paper by the other, a Perſon looking 
thro* each will ſee the Print or Reading much more diſtinct, 
clear, and bright, thro' the latter Pieces than thro' the for- 
mer; the Rays being more regularly tranſmitted thro them 
Where the Denſity of the Parts is not ſo unequal, and alſo 
K 3 the 
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the Angle of Reflection in every Inclination of 
the Ray of Light. This is evidently ſhewn by 
Experiment; and it is very well worth our Ob- 
ſervation, that in this Caſe only, the ſaid Ray 


with much leſs Reflection, than thro* the other, where the 
Light undergoes a conſiderable Refle&ion at every Interſtice 
or Plate of Air between the Glaſſes. 

6. Tis hence alſo that tranſparent Bodies are render'd o- 
pake by ſeparating their Parts and rendering them more po- 
rous; tnus Beer before it is raiſed into Froth is tranſparent, 
but the Froth, by reaſon of its Pores, becomes opake ; thus 
dry Paper is more opake than that which is wetted with Wa- 
ter or Oil, becauſe more porous. Thus the Oculus Mundi 
Stone is more opake when dry than when ſteep'd in Water ; 
and Glaſs reduced to Powder is no longer tranſparent. 

7. Hence it follows, that the Parts of Bodics and their 
Pores muſt not be leſs than a certain definite Bigneſs to render 
them opake. For the opakeſt Bodies, if their Parts be ſub- 
tilly divided, become perfectly tranſparent. Thus Copper dil- 
ſolved in Aqua-fortis has all its Particles pellucid, and the 
whole Solution is tranſparent. Thus a Bubble blown of Soap- 
Water may become ſo thin on the Top as to reflect no 
Light, but will tranſmit the whole. Thus Water, Salts, Glaſs, 
Stones, c. tho" they are as porous as other Bodies, yet their 
Parts and Interſtices are too ſmall to cauſe Reflections in their 
common Surfaces. 

8. Therefore in all tranſparent Bodies, as BEFC, a Ray 
of Light, as K L, falling on its Surface in the Point L, will 
there be in part reflected (as before) into the Ray L M; the 
other Part will go regularly on in a rectilineal Direction from 
the upper to the lower Surface at N, where meeting with 
the Air (a Medium of a different Denſity) it will be in part 
reflected again into the Ray NO; the other Part goes out to 
the Fye at P, by.which means all the internal Parts from 
whence that Ray comes will be render'd viſible to the Eye; 
and fince this may be conceived of every Point in the Body, 
It is eaſy to underſtand how the Whole becomes tranſpa- 
rent. 

9. I have often found Gentlemen reflect with great Sur- 
prize on the exceeding great Poroſity of Bodies neceſſarily 
required for the Tranſmiſſion of Light, and yet at the lame 
time on the Hardneſs and Firmneſs of the Parts of ſuch ho- 
dies, as Glaſs, for Inflance, and others. But Sir 1/aac 3 
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takes the ſhorteſt Way poſſible from any Point H, 


to any other Point I, if it muſt, in its Paſſage, 
touch any of thoſe Surfaces (CX VI), 


has put us into a Method by which we may conceive this 
with as much Eaſe as it produces Surprize; and it is this: Sup- 
pole a Body be compoſed of ſuch Particles, and of ſuch a Fi- 
gure, that when laid together, the Pores or Interſtices may 
be equal to the Particles themſelves; how this may be done, 
and the Body hard and firm, is not difficult to conceive; ſuch 
2 Body then will be half ſolid and half porous. 

10. Now if each of theſe conſtituent Particles, inſtead of 
being ſolid, ſhould be ſuppoſed to conſiſt of other Particles, 
equal in Bulk to their Pores between them, then would the 
ſolid Part of the whole Body be but half what it was before 
ſuppoſed to be, that is, it will be but + Part of the whole 
Bulk. In like manner if theſe Parts are ſuppoſed not ſolid, but 
to conſiſt of other Parts with equal Pores between them, tis 
then manifeſt the ſolid Matter will be but 4 of the whole 
Bulk of the Body. And thus by continuing this Subdiviſion 
of the Parts, you diminiſh the Quantity of the ſolid Parts, and 
increaſe that of the Pores, till it ſhall be in any Proportion 
greater than that of the ſolid Matter, and yet the Parts, and 
conſequently the whole Body, ſhall be every where compact 
and hard 


11, Hence it follows that the leaſt aſſignable Particle of 
Matter may be conceived to be ſo minutely divided, that it 
ſhall be diffuſed thro' any aſſignable Space, how great ſoever, 
in ſuch a manner, as to be in Contact, and to conſtitute a hard 
and compact Body, whoſe Pores ſhall be leſs in Diameter 
than any aſſignable Length; or, in other Words inverſely, 
the ſolid Matter in the Globe of our Earth, yea of all Bo- 
dies in the Univerſe, may be no more than what may be re- 
duced within the Compaſs of a cubic Inch, or be contain'd 
in a Lady's Thimbir. They who would ſee a Mathematical 
Demonſtration of this, may conſult Dr. Kzi/”s Introduction 
to Natural Philoſophy. 

12. Hence we ſee the Poſſibility of Bodies being ſo ex- 
ceeding porous, as to be rare eaough to tranſmit Light with 
all that freedom pellucid Bodies are found to do. Tho' what 
their real Structure or inward Frame may be, is yet unknown 
to us, 


(CXVI.) 1. The Demonſtration of this is as follows: Let 
AC be the incident Ray, and CB the reflected one; from 
K 4 THE 
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THE Rays of Light reflected from the firſt 
Surface of a Glaſs are in a much leſs Quantity 
than thoſe reflected from the ſecond Surface, as 
is evident from hence, that the Image form'd in 
the firſt Caſe is leſs bright and ſplendid than that 
of the latter; and if the ſecond Surface be conti- 
guous to any tranſparent Madium, as Air, Water, 
Sc. the Rays will be reflected from thence in 
greater Plenty, as the Medium is more rare; 
whence the Image by Reflection from the ſecond 
Surface is brighter when that Surface is conti- 
guous to Air, than when it touches Water; and 
moſt bright when it is contiguous to a Vacuum. 

Ir the ſecond Surface of Glaſs be cover'd with 
an opake Body impervipus to the Rays of Light, 


A and B let fall the Perpendiculars AE, BD, and let AE= a, 
B D/, EDS c, and EC HAB; then CDS -x, and 
AC=V aa ＋ xx, and alſo CB=V Tec— 2c Tx. 
Then ſince AC4+CB is to be a Minimum, we muſt make the 


Fluxion of its Expreſſion aaa N bb ccc o+ xx 


equal to nothing, vis ————+ ——— 
| V aabxx V bb+cc—2cx+xx 
=0; whence dividing by x, and multiplying croſs-wiſe, we 
have x x V bb + cc—2ex b-xx + 3c * VaaTæx, con- 
ſequently x xV bb+ec—2cxþxx=e—xxV aab+xx, 
that is, ECxCB=CDxAC; and ſo we have EC: AC:: 
CD:CB. Conſequently (by Euclid, 6 and 7.) the Triangles 
AEC and BDC are equiargular, and therefore the Anglo 
of Incidence A CEM BCD the Angle of Reflection. 
2. Since the concave Plane FCG, and convex Plane DCE, 
do both touch the Plane AB in the ſame ſingle Point C on 
which the Kay of Light is ſuppoſed to fall; the ſame Law 
of Reflection muſt hald with reſpect to all the Planes equally ; 
becauſe the Situation of any other Particles have nothing to 
do in the Cauſe of Reflection of Light, but that on which 
the Ray immediately impinges. © 


they 
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they will then be reflected in much greater abun- 
dance from the ſecond than from the firſt Sur- 
face, and the Image will be proportionally more 
bright than that form'd by RefleCtion from the 
firſt Surface ; which is the Caſe of all Glaſſes fo- 
lated or quickſilver d. Whence it appears, that 
the Light reflected from the firſt Surface bears a 
very ſmall Proportion to that which is tramitted 
into the Subſtance of the Glaſs. 


I53 


WHen a Ray of Light, as HC, paſſes out of plate 


Air into a denſer Medium, as AB F O, it will xxxVIII. 
be ſtrongly attracted by the Particles of the Sur- . 8. 


face of the Medium AB, a little way on each 
Side; the Conſequence whereof is, that its Mo- 
tion will be accelerated at the Entrance of the 
Medium, and its Direction ſomewhat alter'd; for 
ſince the Attraction of the Medium is perpendi- 
cular to its Surface, it will deflect or bend the 
Ray out of its firſt Direction H F, into a new 
one CE, (thro* the Medium) which lies nearer to 
the Perpendicular K D, drawn thro' the Point of 
Incidence C: And this is call'd the RExyR ACT IO 
of a Ray of Light; HCK is the Angle of Inci- 
dence, and DCE the Angle of Refraction. 

Ir on the Point C be deſcribed a Circle 
DHKG, and from the Points H and G (where 
the Circle cuts the incident and refracted Ray) be 
drawn the Lines H L, GI, at Right Angles to 
the Perpendicular K D, they will be the Sines of 
the Angles of Incidence and Refrafion. And it 
is ſeveral ways demonſtrable, that in every Incli- 
ration of the Ray of Light H C to the Surface 

of 


- 
— — * — * = 
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of the Medium AB, thoſe two Sines H L and 


GI will always have one certain or conſtant Ra- 
tio or Proportion to each other: And that H L: 
GI::4: 3, if the Refraction be out of Air into 
Water; but HL: GI:: 17: 11, or 3:2 nearly, 
if out of Air into Glaſs ; and in general, the den- 
ſer the Medium, the greater its refractive Power, 
or Diſproportion of the Sines; all which Parti- 
culars will be very evident by Experiments. 

Ir a Ray of Light, as E C, paſs out of a den- 
ſer Medium into a rarer, as a Water or Glaſs in. 
to Air, it will, upon entering the rarer Medium 
at C, be refracted from its firſt Direction EN 
into a new one CH, which will be farther of 
from the Perpendicular K C D; and in this Cafe, 
I G will be the Sine of the Angle of Incidence, 
and H that of the Angle of Refraction; and 
all other Particulars juſt the reverfe of what they 
were before under the ſame Names. 

Hence it follows, that if any Object be placed 
at E, and cover'd with Water to the Height 
CD, it will be ſeen by an Eye placed any where 
above the Surface AB, in a Situation lower than 
would be otherwiſe poſſible; and thus Objects 
which are inviſible may be render'd viſible by the 
Interpoſition of a denſer Medium, as is well 
known by a common Experiment. On this Ac- 


count it is that we ſee the Sun, and other Lumi- 


naries, while they are yet below the Horizon, in 
a Morning, before they riſe, and in the Evening 
after they are ſet, by the Refraction of the At- 
moſphere. Hence alſo the Difference in the Dia- 


meters 


gesessen 
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meters of the horizontal Sun and Moon, and their 
elliptic Figure, by the greater Refraction of the 
Rays coming from the lower Limb. 

Again; it follows, that if an Object be view'd 
which 1s part in one Medium and part in another, 
as a Staff repreſented by N E, it will not appear 
frrait, but crooked; for if the Eye be in the rarer 
Medium, the Part of the Staff in the denſer, 
CE, will be refracted into the Line CF, and 


the whole Staff will appear in the crooked Form 
NCF. 


Hence alſo all Objects in a denſer Medium 
appear raiſed or elevated above their real Si- 
tuations : Thus the Part of the Staff C E is raiſed 


into the Situation CF; and the Bottom of all 
Veſſels, if cover'd with Water, appear raiſed, or 


higher by a fourth Part of the Depth of the 
Water, than what they really are (CX VII). 


(CXVIT.) 1. If Bodies, on which Light falls, were ſup- 
poſed to affect it no other ways than by giving Admiſſion to 
the Rays, or permitting them to paſs thro' their Subſtance, 
they would then perſevere in the ſame Right Line after their 
Immerſion, as before; and of courſe there could be no ſuch 
thing as the Refraction above defined. But Bodies are not 
pallive to the Rays of Light, but act upon them with a real 
and determinate Force, Nis evidently proved by Experi- 
ments. Thus if a very ſmall round Hole be made in a thin 
Piece of Metal, and the Light of the Sun tranſmitted thro' 
it into a dark Room; if the Metal ated not on the Ray 
paſſing thro* the Hole, the Spot of Light would always be 
of the ſame Size with the Hole at all Diſtances from it; but 
becauſe we always obſerve the luminous Spot is larger than 
the Hole, and the more ſo as it is farther diſtant, is a plain 
Proof that the Particles of the Metal in the Periphery of the 
Hole act with an attracting Force on the Rays of Light, and 
pile them in ſuch a manner as to cauſe them to proceed 
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THE Sun's Rays, as I have ſaid, are not ho. 


mogeneous, but of different Kinds; and each 


Fig. 4. 


Sort has a different Degree of Refrangibility; 
that is, in paſſing through a denſe Medium, they 


diverging from each other. 

2. In like manner, if the Rays of Light are made to paſs 
berween the parallel Edges of two Knives placed at the Di. 
ſtance of s of an Inch, we ſhall obſerve on each Side the 
tranſmitted Beam a Glare of Light like that of the Tail ofa 
Comet, if the Beam be received on a Sheet of Paper, at the 
Diſtance of about 4 or 5 Foot from the Knives, And if the 
Knives are placed with their Edges about 180 of an Inch 
apart, inſtead of the Light above-mention'd, you'll obſerve 
on each Side the Beam of Light, three Fringes of colour'd 
Light parallel to the Edges of the Knives, which are more 
8 the Hole of the Window or Beam of Light is 
leſs. 

3. If the Edges of the Knives be brought within 35; of 
an Inch, no Light will appear on the Paper between the ſaid 
Fringes, ſo that all the Light which paſſes between the Edge, 
is inflected on either Side, which plainly ſhews that Steel 
acts at the Diſtance of 3 Part of an Inch upon the Rays of 
Light, by an attractive Force which is increaſed as the Di- 
ſtance of the Knives is diminiſh'd. 

4. On the other Hand, the Shadows of all Bodies placed 
in the Beam of Light in the dark Room are larger than they 
ought to be, were the Rays of Light to paſs by them un- 
affected by any Power from them; for then the Shadow 
would be at all Diſtances of one and the ſame Bigneſs, wiz. 
equal to that of the Body; but ſince we obſerve the Shadow 
always larger than the Body, it follows, that the Rays mult 

diverging from the Surface of the Body, which they 
could not do but by virtue of a repellent Power, which cauſes 
them to ſeparate to a greater Diltance after they have pals'd 
by the Surface of the Body; thus the Shadow of a Hair has 
been obſerved 35 times bigger than the Hair itſelf. 

5. This attracting and repelling Power in the Particles of 
Bodies, by which they infle& the — of Light, is che Cauſe 
of all Reflection and Refraction of Light, of which we ſhall 
now treat more particularly. Let there be two Mediums 
(ſuppoſe of Air and ater) and a Ray of Light HG in the 
rarer Medium { Air) tend towards a Point K in the Surface 
pf the denſer Medium {Hater) A BI the attracting Power 

| are 
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are differently diſpoſed to be refracted, being 
bent or turn'd out of their firſt Courſe to dif- 
ferent Diſtances from the Perpendicular : And 
theſe ſeveral Sorts of Rays have each a peculiar 


of the Particles in the Surface of the denſer Medium extends to 
2 certain ſmall Diſtance, as to the Line EF; as ſoon then as 
the Ray is arrived at the Line E F, it gets into the Attraction 
of the Medium, which acts perpendicular to the Surface. 

6. The Particle of Light in the Point G, begins to be 
acted upon by two Forces; one derived from its natural Ve- 
locity in the Direction G K, the other derived from the at- 
tracting Medium in the Direction GI; let then the Paral- 
lelogram G K MI be compleated, and 'tis manifeſt (from 
what we have ſhewn already) that the Ray will move in 
the Diagonal of this Parallelogram, viz. in the Direction 
GM, and impinge on the Surtace at L. 

7. Now fince the Ray of Light, after it comes to G, is 
influenced by the attracting Virtue of a Number of Particles 
continually increaſing till it comes to L, the Force therefore 
by which it is urged in the Direction G 1, is a Force uni- 
formly increafing, like that of Gravity; its Motion there - 
fore will be conſtantly accelerated, and its Direction G L not 
a Right Line, but a Curve. But ſince the Diſtance GI is in- 
definitely ſmall, the Curvature of its Path for ſo ſhort a Space 
: not ſenſible, and may therefore be repreſented by a Right 

ine. 

8. Let NO be drawn parallel to the Surface A B, at the 
ſame Depth below, as E F is above it; and then it is evi- 
dent, that ſince the Particle of Light is attracted every way 
equally within the Diſtance of IG all round, the Attraction 
will be greater towards the Line N O as it approaches nearer 
to it; conſequently its Motion will ſtill be accelerated from 
L to the ſaid Line, and will alſo be a Curve; therefore the 
Particle will not go on to M in the Diagonal G M, but will 
go to a Point P m the Curve LP, nearer to the Perpendi- 
cular Line L Q. 

9. After it is arrived to the Line N O in the Point P, the 
Attraction will be on all Sides equal, its Motion or Velocity 
uniform, and its Direction a Right Line, till it comes within 
the ſame Diſtance G 1 of the under Surface of the Medium 
CD, where its Path will again begin to be incurvated into 
RS, and every thing will be the Reverſe of what we have 
now obſerved at its Immerſion, that is, RS will be ſimilar 
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Colour, viz. thoſe which are leaſt refrangible are 
Red; the ſecond Sort, Orange; the third Sort, 
Zellew ; the fourth Sort Green; the fifth Sort, 
Blue; the ſixth Sort, Indigo; and the ſeventh 
Sort, Violet, which are moſt refrangible, or re- 
fracted to the greateſt Diſtance from the Per. 
pendicular. 

To illuſtrate this Matter, let G F repreſent a 


GC and 8 V parallel to HG, or the Angle HG X= 


10. The denſer any Medium is, the greater will be the 
Number of attracting Particles in a given Space, and ſo the 
ter will be the Force GI, or the refractive Power of 

e Medium; thus Water is leſs denſe, and therefore has : 
leſs refractive Power than Glaſs, and Glaſs leſs than Diamond, 
But Oils, though leſs denſe than Water, have yet a greater 
refractive Power, as containing a greater Proportion of Cu 
phur than other Bodies; for ſince Action and Re- action zre 
mutual and equal between all Bodies, and ſince we ſee that 
Rays of Light congregated by a Burning - Glaſs act moſt upon 
ſulphureous Bodies in turning them into Fire and Flame, 0 
on the contrary, Sulphurs, Oils, Spirits, Sc. ought to at Wl 
moſt upon Light, as we tonſtantly find they do; and Sir //a« Wi *: 
| Newton thought it reaſonable to attribute the refractive Power Wi ©: 
of Bodies chiefly, if not wholly, to the ſulphureous Parts vi Wi d. 


which they abound. Ye 
Plate 11. Since the Velocity of Light in different Mediums b let 
xxxv1i11. different, let its Velocity in the rarer Medium from H to ( the 


be to that in the denſer Medium from C to E, as n to a; and Al 
fince the Spaces deſcribed are as the ReQangles under the In 
Times and Velocities, the Times will be as the Spaces d- Ir. 
realy, and the Velocities inverſely ; whence the Time of de. de. 
ſcribing the Line HC will be to the Time of deſcribing the I h. 
Line CG, as „ HC tox CG. LetCl=a, CLI, l 
HL+IG=#z, and IG = x;. then will HL c- yr 
and conſequently CG = Vaa+ xx, and HC = 5 
* bc- 2ex+ wx ; whence the Time in which HC CC nto 


is moved through is nv aa+ xx * cc 2c + xx. che! 
12. Now admitting that e 2 thing i tb Aug 


; Aorteſt Way, we have the foregoing Expreſhon of the Time the 
— Parcel 
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parcel of the ſolar Rays entering through the 
Hole H of a Window-Shutter, into a darken'd Plate L. 
Room; and there let them fall on the Priſm Fig. 1. 
ABC, in the Point F: In paſſing through the 


a Minimum, and ſo its Fluxion equal to Nothing, wiz. 


ma 4 1 nx — c N we] 
V aa xx bb Tec acc TAN 


e en 4 
V aa+ xx V bb Te 2x + xx | CG 


. Hence, making HC = CG, we haves IG= 


»x HL; and conſequently, : :: HL: IG. 
13. But the Ratio of to a, that is, of the Velocity be- 
fore and during the RefraQtion, is conſtant, or always the 
lame in the ſame Media; therefore the Lines HL and IG are 
in a given or conſtant Ratio. Hence we have this fundamen- 
tal Law of Refraction, That the Sine of the Angle of Incidence 
is akuays in @ conflant Ratio to the Sine of the Angle of Re- 
fraction, in all Inclinations of the incident Ray whatſoever. 
14. Since the Proportion of theſe Sines is conſtant, it re- 
mains that we determine what that Ratio is in different Me- 
da; and for that Purpoſe there are various Methods, one of 
the beſt of which I ſhall here deſcribe, but muſt frft premiſe 
the following Lemma. Let GH be an equilateral Trian- Plate 
ole, and let the Angle D be biſected by the Right Line DO; : 
let AK MC be drawn parallel to the Side GH, and through _”” 
the Point K draw IK N cutting OD in N; then is the Angle 8 5 
AKI=NKB, as being vertical to each other. Alſo the 
Triangle NK D is divided into two fimilar and equiangular 
Triangles NK B and BK D, by the Perpendicular K B; and 
therefore the Angle N KB is equal to the Angle K DB. All 
which is evident from Exclid"s Elements. 
15. Suppoſe now that GH D be the Section of a Priſm of 
Water or Glaſs, or any pellucid Medium, and K Ma Ray of 
Light paſſing through it parallel to the Side GH; and let it 
go out of the Priſm and be refracted into the Air on each Side 
into the Directions KF and ME; upon the Point K deſcribe 
the Semicircle PI Q; then i NK BGE K DH = AKI, the 
Angle of Incidence out of the Priſm into Air, and FKI is 
tie Angle of Refraction j conſequently, AR and FS are the 


Priſm 
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Priſm they will be ſeverally refracted in 4 dif- 
ferent Degree, and thus ſeparated from each o- 
ther, ſo that at their Exit oh the other Side at 


Sines of the Angles of Incidence and Refraction out of the 
Priſm into Air. 1 | 
16. On the contrary, we may conſider FK as the inci- 
dent Ray falling upon the Priſm in the Point K, and refracted 
| in the Direction K M parallel to the Side GH, which at the 
Point M emerges again into the Air in the Direction ME, 
| making the Angle EML with the Perpendicular M L equal 
q to the Angle FK I. In this Caſe the Angle FK I is the An- 
[| e of Incidence, and NK B is the Angle of Refraction in the 
1 iſm 5 which Angle of Refraction is therefore given, or con- 
ſtant, as it is always equal to the Angle K DB, or half the 
Angle of the Priſm. X Hott py rhe 
Plate 17. The Angle of Incidence FKI confiſts of two Patt, 
ner: HS =P Angle AKI (= K DB) and the additional 
Fig. 6, Angle AKF. Now the Angle AKI is known, as being 
8. 0. equal to half the Angle of the Priſm; and the Angle FK A 
is known by placing the Priſm by the Center of a graduated 
Semicircle, as ABC, carrying an Index, whoſe two Arms 
FK and KE are equally elevated above the horizontal Line 
AC, and correſpond to the incident and emergent Ray FX 
and ME in the other Figure. For here 'tis evident, if an 
Object be placed on the End of the Arm F, it will be ſeen 
by an Eye looking through the Sights at the other End af 
the Index E; and when the Object is thus ſeen, the Angle 
AK F is known by the Number of Degrees which each Am 
cuts upon the Limb of the Semicircle. 

18. This Number of Degrees, added to the conſtant Num- 
ber 30?, which is equal to half the Angle of the Priſm, gives 
the whole Angle of Incidence FKI; and thus the Angles of 
Incidence and Refraction being found, the Proportion of the 
Sines FS and AR will be diſcover'd, which Ratio is alway: 
the ſame while the Matter of the Priſm remains the ſame, 2 
was before ſhewn from the „ and may by this Infſtru- 
ment be proved by Experiment. For Example, Let the Prim 
be of Water, it will be neceſſary to elevate each Arm 12 De. 
grees upon the Limb, before the Image of the Object at f 
can be ſeen by the Eye at E; then 12 + 20 = 42*= 
FKA+AKI=FEI, the Angle of Incidence. But the 
Sine FS of 42* is to the Sine AR of zo“ as 4 to 3 ven 
acarly, a FEY 

E; 


{ 
t 
| 
l 
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E, they will proceed at different Diſtances from 


if | 
0- the Perpendicular E P to the other Side of the 
at Room, where they will make a long and vatious- 
the 19. Now it is plain, if the Ratio of the Sines AR and FS 
were not fix'd, ſince FS might be in any Ratio greater or leſs 
LT than AR, the incident Ray FK may make an Angle FKI 
ged greater or leſs than 425, and yet the Object at F be ſeen by 
the the Eye at E; but this we find by Experiment to be impoſſi- 
IE ble, becauſe there is no other Elevation of the Arms of the 
qual Index that will exhibit the Appearance of the Object, but 
3 the one above-mentioned. 3 
* 20. If GHD were a Priſm of Glaſs, as that is a denſer 
uy Body than Water, fo its refractive Power will be greater, and 
the conſequently it will act more ſtrongly upon the Ray K M at it 
Exit into the Air, and cauſe it to be refracted farther from the 
= Perpendicular IK or ML. Therefore the Angle of Inci- 
* dence out of Air into Glaſs, wiz. the Angle FEI, ought to 
eing be greater, and ſo to require a greater Elevation of the Legs 
KA of the Index than before in the Priſm of Water: And this 
* we find by Experiment is the Caſe ; for then the Elevation, 
you inſtead of 12%, muſt be about 22 or 23. 
Lins 21. Hence 'tis plain, the Sine of Incidence FS muſt be in 
k 2 conſtant Ratio to the Sine of Refraction AR; becauſe, ſince 
+ an the Angle AKL is invariable, (being always equal to G DO) 
fron and in the ſame Medium G DH, the Angle F KI muſt always 
4 of be the ſame, becauſe the refractive Power is every where ſo; 
ngle therefore, the Angles being conſtant, the Sines will be ſo too, 
Am or their Ratio to each other always the ſame. 
22. As by this Inſtrument the Angles of Incidence and Re- 
* fraction are diſcover'd, the Ratio of their Sines will be known 
1 of courſe, for each reſpective Medium. Thus in Water the 
2 of Sine of 42® is to the Sine of 30“ as 4 to 3 very nearly; and 
f the in Glaſs the Sine of 45* is to the Sine of 30“ as 3 to 2, or 
ways more nearly as 17 to 11. By ſome Experiments it has been 
114 found, that the Sine of Incidence is to the Sine of Refraction 
uten in Diamond as 5 to 2. 
Prifn 23. But fince in Phyſical Matters we have no Authority 
7 comparable to Sir Jaac Neroton, I ſhall here give a Table 
ac] (from his Optics) of the Proportion of the Sines of Incidence 
2 22 and Refraction of Yellow Light (that being nearly a Mean be + 
ut the tween the greateſt and leaſt refrangible Rays, as we ſhall ſee 
ven farther on). This will be contain d in the firſt Column ; the 


ſecond expreſſes the Denfities of the Bodies eſtimated by thei# 
Ver. Il. L colour'd 
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il colour'd Image of the Sun X Y, which is, per- 
haps, one of the moſt ſurprizing and agreeable 
i Spectacles of Nature. 


Specific Gravities ; and the third the refractive Power of each 
Body in reſpect of its Denſity. 


Proportion of 4 The | Kef. 
f 2 22 4 
Air 3201 to 32 
Glaſs of Antimony 17 to 
A Pſeudo-Topaz 23 to 14 
A Selenites 61 to 41 
Common Glaſs 31 to 20 
Cryſtal of the Rock 25 to 16 
Iſland Cryſtal $a 3 
Sal Gemma —— 17 to 11 
Alum —— —— 3 t-to 24 
Borax —— — | 22to 15 
Nitre _ 32 to 21 
 Dantzick Vitriol 303 to 200 
Oil of Vitriol 3% on 
Rain-Water— 529 to 390 
Gum Arabic 31 t-to0 21 
— of Wine rectified 100 to 73 
1 phire — | 3 to. 2 
Oil Olive —— |} 22to 15 
Linſeed Oil —— 40 to 2710 
Spirit of Turpentine 25 to 17, 
Amber — 14 to I 
A Diamond —— io to 41 


25. The RefraQtion of the Air in this Table is determined 

by that of the Atmoſphere obſerved by Aftronomers ; for if 

Light paſs thro' many refrafting Subſtances, or Mediums, 

ually denſer and denſer, and terminated with parallel Sur- 

„ the Sum of all the Refractions will be equal to the 

ſingle RefraQtion it would have ſuffer'd in paſſing immediately 

out 'of the firſt Medium into the laſt ; becauſe the emergent 

Ray will be parallel to the incident one in every Medium 

fingly (by Art. 9.) if they were ſeparated; and their being 

Plate contiguous can make no Alteration. Hence, if AA be the 
XXXVII Medium of Air interceding two different Media, as BB of 
Fig. 7. Water, and CC of GlaG; then the emergent Ray ei out 
Tux 
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Tas ſeveral Sorts of Rays, after they are re- 
fracted, appear in their own proper Colours in 
Order as follows, viz. Thoſe which are leaſt re- 


of the Water is parallel to the incident Ray ac, and the e- 
mergent Ray /o out of Glaſs is parallel to the incident Ray 
i; whence *tis plain, the Refraction of the Ray f is the 
ſame as if the two Media B B and C C were contiguous, the 
Ray ei in that caſe being loſt, which makes no Difference. 

26. Hence, if the Sine of Incidence out of Air into Wa- 
ter be as (ab: de I: R, and that of Incidence to the Sine 
of Refraction out of Air into Glaſs as (zo :i#) 7: R; then 
D whence R xIxit=Rx1x 
de: but when the two Media BB and CC are contiguous; 
de Se will be the Sine of Incidence out of Water into 
Glaſs, and iI the Sine of Refraction; therefore c: 
11: RX I: Rx IA the Sine of Incidence out of Water: to 
the Sine of Refraction in Glaſs. 

27. I cannot here omit to mention the accurate Method 
which was made uſe of by Mr. Hawftbee, at the Appoint- 
ment of the Royal Society, to determine the refractive Power 
of the Air, which was thus: He made choice of a diſtinct 
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erect Object P. at the Diſtance of 2588 Feet; a Ptiſm ABC Fig. 88 * 


was exhauſted- of its Air, and applied to the End of a 10 
Foot Teleſcope with a Hair in its Focus. The Object was 
then view'd thro” the Vacuum by the Ray PES; then ad- 
mitting the Air into the Priſm, the Object was ſeen to riſe 
above the Hair gradually, as the Air entered; in the End, 
the Hair was found to hide a Mark in the Object 103 Feet 
below the Mark; as at P, ſo that PM = 104 Feet. 

28. This done, the Condenſer was applied, and one At- 
moſphere injected into the Priſm, which was applied to the 
Teleſcope, as before, and letting out the Air, the Object was 
ſeen to deſcend thro' the ſame Space of 104 Feet. Now 
fince the Radius PI 2588, and PM= 10,25, we ſhall find 
the Angle PIM== 68"; the half of which gives 34” for the 
Angle QD I, which taken from the QD K or QBD (= 
32 = half the Angle of the Priſm) gives the Angle K DI 


or LDS= zie 59/ 26"; and ſo the Sine of the Angle of 


Incidence in Vucus (32*) is to the Sine of the Angle of Re- 


fraction into Air (31 59 26% as 1000000 to 999736. 


See Mr. Hawkfbee's own Figures in Plate 36. Fig. 7, 8. 9) 
29. Inorder to the Difference between the true 
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fracted, or fall neareſt the Perpendicular PE, are 
Red, and make the red Part of the Spectrum at 
R; the next are the Orange at O, the Zellow at 


and apparent Places of Objects, ſeen thro' a Medium of dif- 
ferent Denſity from the Air, let the Scheme be conſtructed as 
in the Figure, where the Sines of Incidence and Refraction 
Plate are HL and GI; and theſe are in a given Ratio of A to B, 
xxxVv111, that is, HL:Gl:: A: B; but becauſe of parallel Lines N 
K C, we have HL=NK; therefore NK: IG:: A: B:: 
NC: ICS HC but NC: HC:; CE: CM, becauſe PE is 
parallel to K D, therefore CE: C M:: A: B. 
30. Now ſince the Ray E C coming from an Object at E 
is refracted in the Air into the Ray HC; if HC be con- 
tinded to F, the apparent Place of the Object will be in the 
refracted Ray at M in the Perpendicular E P, and projected 
to F on the horizontal Plane OR, but the Point M will al- 
ways be the viſible Place of the Image; therefore when the 
Angle CEO is indefinitely ſmall, or the Point C coincides 
with O, the Lines CE and CM will become OE and OM; 
7 J« Lanning and in that caſe, OE:OM::A:B::4:3, in Water. Whence 
Jan *tis evident that the apparent Place of an Object immerſed in 
1 . pa Water, and view'd in the Perpendicular, will be at 3 of the 
1 ; Depth of the Water. 
10s 31. But if the Medium be Glaſs, then OE: OM :: 3: 2, 
| or more nearly as 17 to 11; ſo that 1 OEM OM, or the 
apparent Place of an Object ſeen thro' a Medium of Glaſs, 
will be at the Diſtance of 44 of the Thickneſs of the Glafs 
OE. In Diamond, it would be at the Depth of } of the 
"Thickneſs, and fo on for all the other Bodies mention'd in the 
foregoing Table. | | 
32 On the other Hand, as the Point C recedes from the 
"Point O, the Angle CEO which is equal to the Angle of In- 
cidence E CD, es greater, and therefore alſo the An- 
plc of Refraction HC K, or the refracted Ray HC will 
ave a greater Inclination to the horizontal Line A B, and 
therefore alſo CF; on which Account tis evident the Di- 
ſtance of the apparent Place of the Object, viz. the Line 
O M, will decreafe, and of Courſe the Object will ſeem to 
riſe in the Perpendicular. ' And when the Angle CEO is fo 
great, that the Ray CH is refracted parallel to the Horizon, 
or becomes coincident with A C, then C M will become CO, 
and the Object at the Bottom at E will appear on the Sur- 
"face of the Medium at O. — 'y 
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Y, the Green at G, the Blue at B, the Indigo at 
I, and the Violet at V: And theſe Seven are all 
the original fimple Colours in Nature; and of 


33. In this Caſe, if the Medium be Water, we have 
CE:CO:: 4: 3, whence we ſhall find OE = 2,65 nearly; 
therefore in any Veſſel, whoſe Width is 2CO=6, and 
Depth OE = 2,65, when fill'd with Water, any Object 
placed at the Bottom, when view'd in the Perpendicular, will 
appear raiſed from E to M, + of the Depth; and as the Eye 
recedes from the Perpendicular to the horizontal Line A C, 


the Object will appear to riſe. from M to the Surface of the 


Fluid at O; all which may be confirm'd by pouring Water 
into a common Tea- Diſh, or Baſon, and viewing the Flower, 
&c. painted at the Bottom. 

34. Hence appears the Reaſon why a ſtrait Stick, as NCE, 
when placed with one Part CE in Water, will always ap- 
pear crooked, wiz. in the Form NCM, the Part CE being 
raiſed by Refraction into the apparent Situation C M; and the 
Part under Water will always appear ſhorter, for EC will 
be contraſted into CM. All which is known by common 
Experience. | 

35. Alſo, ſince EM the Difference between the true and 
apparent Place of Objects, ſeen thro* a Medium, is always 
greater in Proportion to the Depth O E, and the Obliquity 
of the Rays refracted ta the. Eye, it will follow, that any cir- 
cular Body immerſed in Water, in a Poſition perpendicular 
or inclining to the Horizon, will ſuffer a greater Refraction 
of Rays from the lower Parts, than from thoſe above; and 
conſequently the lowermoſt Semicircle will put on the Ap- 
pearance of a Semi: ellipſis; and alſo the upper one, but not 
ſo much ſo, the Refraction being leſs than below. The 
Conſequence of which is, that the Circle thus view'd in the 
Medium will appear elliptical, as having its vertical Diameter 
ſhorten'd by the Refraction; whereas the horizontal Diameter 
will remain of the ſame Length, being only raiſed apparent- 
ly above its real Situation, whence the Reaſon of the Figure 
of the borizontal Sun and Maon above-mention'd, © 

35. From what has been faid, 'tis eaſy to underſtand, that 
when the Ray E C in the Medium is refracted into the Air 
nearly parallel or coincident with the Horizon A C, in which 
Caſe (if the Medium be Water) the Line CE A C being 
Radius, we haye the following Analogy; As 4 is to 3, ſo is 
Radius AC or CE to the Sine of the Angle of Reſraction 
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which, by various Mixtures, all others are com- 
pounded, in the common Refractions and Re- 
flections from natural Bodies. (C XVIII). 


So or DE. which is therefore nearly 48*; I fay, 
tis eaſy to underſtand, that if the Ray of Light E C fall on 
the Surface of the Medium with a greater Obliquity than 
what is here ſpecified, that is, ſo as to make the Angle ECD 
greater than 48*, the Ray will be wholly reſlected back a- 
gain to the lower Surface, and none will go out into the Air 
at either Surface of the Medium. 

37. Again, if the Medium be Glaſs, fince the Sines of 
Incidence and Refraftion in that Caſe are as 11 to 17, the 
Angle ECD will be about 41*, when the refracted Ray CH 
becomes coincident with the horizontal Line A C; and there- 
fore when the Angle is greater, the Light will be wholly re- 
flected from one Surface of the Glaſs to the other; and never 
let out into the Air; whence it follows, that tho“ the Par- 
ticles of Matter in Bodies be in themſelves tranſparent, yet 
if they are ſo diſpoſed one another as to reflect the 
Light very obliquely, tis plain, * Light in ſuch a Caſe 
will be loſt by various Reflections within the Body, and thus 
prove a Cauſe of the Body's Opacity. 


(CXVIIL.) 1. This different Refrangibility of the Sun's 
Light from hence, that the Particles of Light are 
of different Degrees of Magnitude ; for if any Power act up- 
on a Body, ſo as to give it a particular Determination or Di- 
rection of Motion, that Determination or Direction of the 
Body's Motion will always be the ſame, while the Energy of 
the Power and the Quantity of Matter remain the ſame, and 
will be variable in Proportion as either of theſe is ſo. 

2. But the refracting Power of the Medium will be al- 
ways the ſame while it is homogeneous or all of one Sort of 
Matter, therefore when a Ray of Light paſſes thro' a Sub- 
ſtance of Water, Glaſs, C fe. and a different Di- 
rection of Motion is thereby communicated to different 
Parts of the Ray, it follows, that the Particles which ton- 
ſtitute thoſe Rays, which have a different Direction, muſt be 
among themſelves unequal in Quantity of Matter, and con- 
ſequently in Balk; ſince the Quantity of Motion is in 
the Ratio of the Bulk and Velocity, (in this Caſe) 'tis plain, 
the greater the Velocity is, the leſs will be the Bulk ; and 
therefore thoſe Rays of Light which ſuffer the greateſt Re- 
fraction are leſs in Bulk or Magnitude _— 
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Since a Lens does, in the manner of a Priſm, 


more or leſs ſeparate the Rays of Light paſſing 
through it, it follows, that all the ſeveral Sorts of 
Rays will have their proper Focus's, or be con- 
vened to ſo many different Points in the Axis of 


are not ſo much refracted, the greater Particles being not ſo 
much ſubject to the Power of the Glaſs ; as a large Needle is 


not ſo eaſily moved by a Loadſtone, nor at ſo great a Diſtance. 


3. This being the Caſe, tis eaſy, to be underſtood, that 
when a Beam of Light, as HF, is let into a dark Room, 
thro* a Hole in the Window-Shutter, and is made to fall on a 
Prim AC B at F, it will be attracted by the Surface of the 
Glaſs at F in a perpendicular Direction, and cauſe the ſeve- 
ral Particles to deviate from their right - lined Courſe to T, 


(which they before had) and decline towards the Pependicu- - 


lar ab, that is, towards the Part Fa within the Glaſs; which 
Deviation or Refraction will be greater in Proportion as the 
Particles of Light are ſmaller. 

4. Hence the ſeveral Particles of Light will proceed from 
the Side AC to the Side D C in different Directions; where, 
when they arrive, and go out again into the Air, they will 
bo agiin affected by the ſame attracting Power of the Glaſs, 
which will here produce the ſame Effect as before, that is, it 
will cauſe each Sort of Ray to incline towards the Side of 
the Glaſs, and conſequently to be refrafted from the Di- 
rections they ſeverally had in the Glaſs, and from the Per- 
pendicular P E. 

5. Thus thoſe Rays, whoſe Particles are largeſt, will de- 
viate leaſt from the Perpendicular, and will therefore go to R, 
and make the loweſt Part of the colour d Spectrum, and theſe 
will appear of a Red Colour. The Particles next leſs in Mag- 
nitude will be ſomewhat more refraced, and will go to Q, 
and be of an Orange Colour ; the next Size leſs will be ſtill 
more refracted, and appear 7/low at V, and thus the Refrac- 
tion will proceed in the Green at G, the Blue at B, the Indigo 
at I, and the YVielet-colour'd Rays at V; which as they are 
molt refracted, are thereby proved ta be the leaſt of all in 
Magnitude. 

6. I ſhall now proceed to ſhew, fince the Sun's Light is 
variouſly refrangible, what the particular Degree of Refra- 
ction is which every Species of Rays undergoes, and the Sines 
of thoſe Angles reſpectively, In order ta this it muſt be con- 
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the Lens, and not all to one Point only, as is ne- 
ceſſary for a perfect and uniform Repreſentation 
of che Image of any Object: For the Red Rays 
proceeding from the Object will be converged to 
a Focus at a greater Diſtance from the Lens, than 


fider'd, that the Sine of Incidence is the ſame in all; and that 
when the Incidence is ſuch as that the Ray I K, upon the firſt 
Refraction, ſhall paſs in the Direction parallel to the upper 
Side of the Priſm G H, the Reſractions made at each Side of 
the Priſm are equal, and equal to the refratting Angle of the 
Priſm G DH ; all which is evident from what was demonſtra- 
ted in Anne. CXVI. 

7. Alfo it is known by Experience, that when the Priſm 
ABC is held with its Axis perpendicular to the Sun-Beam, 
and then turn'd round upon its Axis, the Image or colour'd 
Spectrum will firſt deſcend to a certain Limit, where it will 
become ſtationary, and then aſcend to the ſame Place as at 
firſt ; whence it appears plain, that fince the Altitude of the 
Image above the Place where the Sun-Beam would fall, were 
the Priſm away, is owing to the Sum of the Refraftions made 
at each vide of the Priſm, while the Image deſcends the Sum 
of theſe Refractions decreaſe, and when the Image aſcends 
the ſaid Sum muſt increaſe. * | nh 
8. Conſequently, ſince the Image falls twice upon the ſame 
Place in one Rotation of the Priſm, there ere two Poſitions of 
the Priſm wherein the Sum of the Refractions at its Sides are 
equal ; and theſe happen when the Angles of the — 
Beam HDL and ODL are ſuch as will cauſe the refracte 
Parts DG and DF to be equally inclined to the Sides of the 
Priſm, but contrary Ways; that is, ſo as to make the Angle 
DGB = BDF, and G DH = DFB, and therefore the Tri- 
angles DBG and DEF equi angular. For in the Poſition 
of the Ray HDG the Refractions at the Angles D and G are 
reſpeAively equal to the Angles E and D in the other Situa- 
tion of the Ray ODE; and therefore the Sum of the Re- 
fractions on each Side in each Caſe muſt be equal, and cauſe 
the Image to appear twice in the ſame Place. 

9, While the unequal Refraftions at each Side the Priſm, 
at Dand G, or D and F, are approaching towards Equality, 
the refracted Ray DG or DF is continually approximating to 
the Situation DE; where when it arrives, the Angles at D 


and E being then equal, the Refractions at each Side will be 
. b ho 
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the Indigo or Violet Rays; and ſo the Image will 
he colour'd and confuſed in every Point between 
thoſe Extremes, except juſt in the middle Point» 
where the ſeveral Sorts of Rays all interſe& each 
other, and exhibit the Image tolerably diſtinct 


equal alſo, and the Image in that Caſe be brought to its Li- 
wit or loweſt Site. Then RD will be the incident Ray, and 
EP the emergent one. 

10. Produce RD and EP till they interſect each at I, and 
any horizontal Line in M and N; then let the Angle RMN 
de the Altitude of the Sun, and PNM that of the Spectrum 
x P; which Angles are eafily meaſured with a Quadrant. 
Their Sum is equal to the external Angle PIM, which is 


again equal to the two internal Angles of Refraction IDQ_ 


nd IEQ; and, by what has been now ſhewn, IDQ = 
IEQ= QDK; wherefore QPK = DBE NTM. 
Hence 4 N + M + IDQ = IDE or R DL, the Angle of 


Incidence. 

11, We ſhall give Sir aac Nequton's Example in this Af- 
fair, The refracting Angle of his Priſm was ABC = 62? 
30, the Half of which is 31* 15/, whoſe Sine is 5188, the 
Radius being 10000. When the Spectrum was in its Limit, 
cr ſtationary, he obſerved with a Quadrant the Angle PN M 
of a mean refrangible Ray EP, that is, of one that went to 
the Middle of the colour'd Image at P; and by adding this 
to the Angle RMN of the Sun's Altitude taken at the ſame 
Time, he obtain'd the Angle PIM to be 44* 400; whoſe 


Half 22* 20/, added to Half the Angle of Refraction 31 15/,. 


makes the Angle of Incidence RDL = 53* 35/, whoſe Sine 
i 8047. The Sine of Incidence, — is to the Sine of 
Refraction of a mean reſrangible Ray, or that of Yellow 
Light, as 8047 to 5188, which is as 31 to 20. (See the 
Table, Annot. Cxvül. 24.) | 

12. If there were but one Sort of Light, it then would 
be equally refrafted, and the Image of the Sun would not 
then be long, but round ; and if the Rays were firſt received 
by a Convex Lens, they would all paſs to its Focus, and 
there repreſent the Sun's Image very diſtinctly in a circular 
dpot, which Image would ſubtend the ſame Angle at the 
Lens as the Sun itſelf does, or half a Degree, at a Mean, 


All this will he dergonſtrated hereafter. 
and 
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and colourleſs. To this different Refrangibility 
of the Rays is owing the Imperfection of the 
common refraFing Teleſcope, as will be but too 
eaſy to experiment, 


13. If theſe Rays, after having paſs'd through the Lens, 
were received by a Priſm, ſince the Sum of Refractions at 
the Sides of the Priſm are equal, (as we have ſhewn they are 
when the Image is ſtationary, Art. 8.) the Rays will have the 
ſame Inclination to each other after Refraction through the 
Priſm as before ; whence the Angle is not changed, but gives 
the Image of the Sun till _ to 300. But to illuſtrate this, 
let MN be the Section of the Window-Shutter in a dark 
Room, in which, through a Hole O, a Pencil of Rays 
K OL is tranſmitted to the Lens K L ; which would converge 
them to a Focus at H, were they not intercepted by the In- 
terpoſition of the Priſm ABC, by which means they are re- 
fracted to I. And fince the-Sum of the Refractions at E and 
D is equal to that at F and G, the Angle FIG will be equal 
to the Angle FHG; and if the Sun were but a Point, its 
Image at H and I would be a Point alſo. 

14. But fince the Sun has the apparent Magnitude of 30“, 
let the Angle MQN be the Angle under which the Sun ap- 
pears ; that is, let MQ be a Ray coming from the upper Limb 
of the San, and NQ another from the lower Limb. Theſe 
crofling each other in the Center of the Lens KL, atQ, 
make the Angle DQE = MQN ; nor is this Angle alter'd 
by the Refra&ions through the Priſm, as being equal on each 
Side ; therefore the Image at I will be ſubtended under an 
Angle of 30 Minutes. 

15. And fince this will be the Caſe of every Sort of Rays 
contain'd in the Sun's Light, if that which we have been con- 
ſidering be a mean refrangible Ray, then the leaſt refrangible 
Rays will form an Image in like manner at R, the moſt re- 

e Rays another at P, and the intermediate Rays their 
ſeveral Images reſpectively. So that the colour d Spefrun 
PR conſiſts of as many circular Areas as there are different 
— nd and is every where of an equal Breadth, vi. 

a Degree. 

16. Now 'tis evident, that if the Sun be ſuppoſed a Point, 
each of thoſe Circles, being the Images of the Sun and ſimi- 
lar to it, muſt alſo be contracted into a Point, and fo the co- 


: 


Jour'd Spe ru PIR would in that Caſe have no Breadth; 
and its Length would decreaſe at each End by the Semidi- 
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Hence alſo Objects of any of the ſimple 
Colours, though contiguous to each other, yet, 


if view'd through a Priſm, appear ſeparated, and 
it a diſtance from one another: And thoſe Objects 


meter of the Circles P and R, and therefore would ſubtend 


uu Angle of 30“ leſs than it now does. 


17. In order to determine the Angles of Refraction of the 


beat and moſt refrangible Rays, we muſt firſt determine the 


Angle PIR, which the Image PR ſubtends at the Diſtance 


Point of Incidence D. The Ray SD at its firſt Refraction is 


difuſed through the Space G DF within the Priſm ; DG is 
the leaſt refrangible Ray, DF the greateſt, and DE (parallel 


to AC) the mean refrangible Ray. The Sine of the Angle 

of mean Reſraction E DK to that of Incidence IDE has 

been already ſhewn to be as 5188 to 8047, or as 20 to 31. 
18. We are now to find the Quantity of the Angles G DK 


nd F DK. Since each Ray will ſuffer the ſame Degree of 


Refration at the ſecond Surface as at the firſt, very nearly: 
t the refrated Rays FP, ET, GR, be produced, and they 
ill interſe& each other in the Point I, making IF, IE, IG 
ſeyerally very nearly equal to DI, and therefore the Angles 
IFD=IDF, and IG = IDG; therefore PIV 
2FDV, and RIV= 2GDV. Hence PIV —RIV= 
PIRz2FDV—2GDV ; conſequently, zPIR =FDV 
DVS FDG. 

19. The Angle PIR is diſcover'd by meaſuring the Length 


[of the Image PR, and its Diſtance from the Priſm ABC. 
This Sir aac Newton has done with great ExaQtneſs. The 
facing Angle of his Priſm was ABC = 62* 30', the 


_ 


— A 


| Diſtance of the Spectrum 18 Feet, the Length 94 or 10 


Inches, the Breadth 24 Inches. This ſubducted from the 
Length leaves 74 for the Length of the Image were the Sun 


dat a Point, and therefore ſubtends the Angle which the moſt 


nd leaſt refrangible Rays PF and RG do contain with one 
nother after their Emergence from the Priſm. 


20. But at the Diſtance of 18,5 Feet, the Length 73 


liches is the Chord of an Arch equal to 2 of 7” = PIR; 


nereſore 3 PIR = FDG = 1* & 347; whence EDG 
=! FDG) =0* 30/24 = FDE. But the Angle E DK 


will 


=DBK = 31* 15/ 097. Wherefore EDK + EDG = 


I71 


lib form'd from the Priſm ABC. The Sun being ſuppoſed Plate 
"I: Point, let SD be the incident Ray, which continue out to XXVII. 
JV; and let LDK be ndicular to the Side AB in the Fig · 10. 
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will have their Images form'd by a Lens at ver 
different Diſtances in its Axis, eſpecially in Ex. 


31* 45 27 DK, the Angle of Refradtion of the le: 

refrangible Rays; and EDK —EDF = 30* 4% 58'= 

= DK, the Angle of Refraction of the moſt refrangibl: 
ys. 

21. The natural Sine of 31* 45 2% is 5262, (as fer Ta 
ble, Aunot. XLVI.) alſo the Sine of 30* 44 58" is 5112, 
The common Sine of Incidence being IDK or SDL = 

3* 35% and Sine 8047 ; this compared with the Sines of 
efraction of the moſt, mean, and leaſt refrangible Rays wil 
ſtand as follows. 

The moſt refrangible Rays FD, 

as 8047 to 5112. 
The Sine of Incidence ) The mean refrangible Rays ED, 

is to the Sine of as 8047 to 5188. 
The leaſt refrangible Rays GD, 

as 8047 to 5262. 

22. I have hitherto conſider'd the Refraction made out of 
Air into Glaſs, after the common Way. But as Sir Iſaac New- 
ton has proceeded in a contrary Method, and ſtated the Pro- 
portions of the Sines of Refraction (as they are out cf Glaſs 
into Air) to the common Sine of Incidence in Glaſs, I ſhall 
for the future follow his Steps; and therefore ſuppoſing 2 
Beam of common Light within the Priſm, as DE, ſhall con- 
ſider its Refraction into the Air at the 8 de BC in the Point E. 
The common Sine of. the Angle of Incidence K ED or TEL, 
= 31* 15%, was found to be 5188; and the Angle PER, = 
1* of 33”, the ſame as before. Alſo the Angle of the meas 
refrangible Rays TEL being 53* 35/, we have the Angle 
of the leaſt ref angible Riys REL = 53* 4 58, and the 
Angle of the moſt refrangible Rays PEL=54* 5 2. Tie 
Sines of theſe Angles are 7995 and 8099 ; the Sine of Inci. 
dence, therefore, and of Reiraction into Air, in the lealt and 
moſt refrangible Rays, are in the leaſt round Numbers as 50 
to 77 and 78. 

23. Now if you ſubduct the common Sine of Inciderce 
50 from the Sines of Refraction 77 and 78, the Remainder 
27 and 28 ſhew, that in ſmall Refractions, the Refraction d 
the leaſt refrangible Rays is to that of the moſt refrangjble 3 
27 to 28 very nearly; and that the Difference of the Re- 
fractions of the leaſt and moſt refrangible Rays is about the 
251 Part of the Refraction of the mean refrangible Rays. 
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periments of the deepeſt Red, and Violet, or Blue 
Colours; as a Card painted half with Carmine, and 


24. Now in order to define the Refrangibility of the ſe- | 
veral intermediate Rays of Light, Sir Iſaac took the follow- | 
ing Method. He cauſed the Spe&ram to be well defined, and | 
delineated upon Paper its Perimeter, as FAPGMT ; this he 
held in ſuch a Manner that the Spectrum might fall upon and 
N exactly agree with the delineated Figure; this done, an Aſ- 

. fiſtant drew the Lines 2 ö, cd, ef, &c. acroſs the Figure-very plate 
nicely upon the Confines of the ſeveral Colours, that is, of XxxIX. 
the Red MabF, of the Orange abcd, of the Yellow cdef, Fig. 3. 
| and ſo of the reſt; which Operation being divers times re- 
peated, he found the Obſervations agreed very well, and that 
the Diviſions made by the croſs Lines were thoſe of a Muf- 
cal Chord, - + | MS 
25. That is, if GM be produced to X, ſo that it be & M 
= MX, then the Line XM = 4 XG will be the OFawe. 
The Line aX: XG :: 9: 16; therefore aX will be the 
Liſſr Seventh. The Line X will be + of XG, and there- 
f fore the Sixth Greater, eX will be 4 of X G, which is the 
Fifth, gXis $ of XG, a Fourth. iX is 4 of XG, a Third 
Leſcr. IX is 3 of XG, the Second Greater. So nicely has 


> #5 Tow 


Nature obſerv'd an harmonical Diſtribution of Colours in the 
| Solar Spectrum. 95 
| 26, If then the Difference between the Sines of 77 and 


73 be in like manner divided, that is, as the Line MG i di- 
| vided, we ſhall have the Sines of Refraction in the ſeveral 
| Red Rays extend from M to a, or from 77 to 774; thoſe of 
the Orange Colour from @ to c, or from 77 to 774; thoſe 
| of the Yellow from 774 at c, to 774 at e; thoſe of the Green 
from 774 to 77% at g; thoſe of the Blue from 774 to 775 
ati; thoſe of the Indigo from 775 to 774 at /; and from 
the Violet to 78 at G. - RARE 
27. This Diſcovery of the Harmonic Proportion of Colours 
in the Sun's Light has ſuggeſted the curious Hint or Idea of a 8 
al Mufic by means of an Ocular Harpfichord, which ſhall 
entertain the Eye with the Succeſſion of harmonic Colours, as 
v. common Harpſichord does the Ear with muſical Sounds. 
ea, ſome have carried this Matter ſo far, as actually to at- 
empt the making of ſuch a Harpſichord, with full Allurance 
© being able to play Tunes to the Eyes. It were greatly to 
* viſh'd this Chromatic Muſic could be made as effectual to 
dye Pleaſure to our Eyes, as common Mufic does to the 


= We ſhould then have Harmony the — 
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fainteſt Part, conſiſts of an indefinite Number of different} 
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half with Ultramarine, made deeper with a litt 
Indigo. (CXIX). 


our Senſes: And who can tell but we may have muſical Fr, 
as well as mufical Ears, could they be exerciſed by propet 
Objects? Nay, who can tell what may be the Conſequerc: 
of this Diſcovery in regard of our other Senſes in the Age 
to come ? 


(CXIX) 1. Let DE KI be a double Convex Lens, Nin 
Center, and ND the Radius of Convexity at D; FV is 
Axis; and HE a Beam of the Sun's Light incident on the 
Lens parallel to its Axis in the Point F. t ABC be a Prin 
touching the Lens in the Points E and D, and it is evident tie 
Law and Manner of Reſraction of the Beam at E will be tie 
ſame, whether we conſider it as made through the ſolid Gl 
Priſm ABC, or through the Lens DE K, becauſe the Point af 
Incidence E is the ſame in or common to them both. 

2. The Beam being reſracted to D, it is plain the Refa- 
Qtion will be there alſo made into the Air in the fame Manner 
from the Lens as from the Priſm, ſuppoſing them to touch in 
the Point D. rr 

5 to the Lens in D; and the Refraction being 
. (a rarer Medium) the refrafted Rays wil 
tend towards the Axis, and meet it ſooner or later as they are 
more or leſs refrangible. Thus the moſt refrangible Kajs 
DW will cut the Axis in G, the leaſt refrangible Kays DTI 
Q, and the mean refrangible Rays in O; and the others in the 
intermediate Space between O and G, and O and Q. Ihe 
ſame is to be underſtood of the Beam IK on the other St 
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ing to the Intenſity of — 
refrangible Rays, each of which will form an Image of dt 
Object in its proper Focus: And therefore we may conce'?* 
as many Images form'd in the Space from G to Q. as tleie 
are Points in the Line GQ. & Hl 35" 
4- The Object ſeen yiuch a Refraftion of Rays, in f. 
of Images, muſt neceſſarily appear very indie, 
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Six Iſaac Newton found, by a very curious and 
convincing Experiment, that the Rays of Light 
were as variouſly reflexible as refrangible; and 
that thoſe which were moſt or leaſt refrangible 
were alſo moſt or leaſt reflexible : And farther, 
that Rays of Light were not reflected by imping- 
ing on the ſolid Parts or Corpuſcles of Bodies, 


confuſed, colour d, and obſcure ; and the Object-Glaſs of 
every common Dioptric Teleſcope being of this Sort, is the 
Occaſion why they will not bear an Eye-Glaſs of ſo deep a 
Charge, or ſo ſhort a focal Diſtance as is requiſite for great 
Degrees of magnifying: This put Sir Iſaac upon inventin 
another Sort of Teleſcope by Reflection, of which we 
ſpeak largely hereaſter. 

5. Suppoſe DE parallel to the Axis of the Lens, and pro- 
duced to Z; then is ZDL = E DN the Angle of Incidence, 
and PDL, ODL, MDL, the Angles of Refraction in the 


leaſt, mean, and moſt refrangible Rays; and conſequently 


the Angles Z DP, Z DO, Z DM will ſhew the Quantity 
of Deviation or reſpective Refraction of thoſe Rays from the 
firſt Direction EZ. Whence ZP: ZN: 27: 28; and 


ZP:ZO:: 29 : 271. Allo PM 1 20, the whole 


Refraftion of the mean refrangible Rays. 

6. But the Angle ZDP = DQX, and ZDO = DOX, 
and ZDM = DGX. Now the Sines of the Angles DQX, 
and DOX or DOQ,, are as their oppoſite Sides OD and 
QD, that is, nearly as XO and XQ. For the ſame Reaſon 
the Sines of the Angles DOX and DGX are nearly as GX 


7. Or thus more accurate , without regard to the focal 
Diſtance Q or OX. Let I, L, G, be as the Sines of Inci- 
texce, and of the. leaſt and greateſt Refraftion, or as the 
2 50, 77, 78 ; (See Annotat. CXVII. 22.) then will 
or” Pay Str 2931: 7 * = G—L; whence 

G0 GL; LT; ubling the Conſequents, 
ve have PM: 2ZP (= DY—PM):/G L. 2L—21. 


and 
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and rebounding from thence like a Tennis-Bal, 
but from ſome other Principle depending on ti; 
Size of the Particles of Light, and the Thickne; 
or Denſity of the Particles of the Body reflecting 


| it, which are all of them, in the moſt opak: 


Bodies, tranſparent in themſelves, as is eaſy to be 
ſhewn in the thin Lamelle or Plates, of which a 


Then conjointly, PM: DY :: GL: G4+L—21]: 
78 — 77: 738 +77 —100 :: 1: 55 or PM= D,, 
the Aperture of the Glaſs. | 

8. From hence it appears, that the Ratio between PM an! 
DV is conſtant, or always the ſame, whatever be the foci 
Diſtance of the Lens. It is alſo very evident, that PM isth: 
Diameter of a Circle, in which will be a Mixture of ever 
Sort of Rays, from the leaſt to the moſt refrangible. Th 
Circle therefore is that in which the Light is cite, or not 
tinctur d with the Colour of any particular Sort of Rays; 
for the Rays being here promiſcuouſly thrown together, the 

Light compounded of them muſt be nearly the fame wit 
that of the Beam before Refraction. 

9. By the ſame Rule we may find the Diametet of the 
Teaſt Circle that receives the Rays of any ſingle Colour, or of 
any contiguous Colours. Thus all the T is contained in 
a Circle whoſe Diameter is a 409th Part of the Breadth of 
the Aperture of the Glaſs, (which we ſuppoſe a Plano Comver, 


| becauſe of DE parallel to the Axis) for in this Caſe G = 77 


L= 774, and I= 50. (See Annmr. CXVII. 26.) Whene: 
by the Analogy we have PM: DY :: G—L: G+L—z! 
2: o, 133: 544533 :: 1: 409. Thus for two contiguous Co- 
lours, the Orange and Yillow ; the Sines on each Side being 
771, 774, give the Diameter of the Circle in which bot 
theſe colour'd Rays are contain'd, a 260th Part of DV. 
10. From hence it is plain, that when the Sun's Rays #7 
received upon a large ns very convex Lens, the conic Supe” 
ficies of the converging Rays DPM will conſiſt of the Rec- 
- colour'd Rays; and if received on à white Paper, held pe. 
pendicular to the Axis, the Circumference of the circular > 
tion or Area will be remarkably tinged with a reddiſh —_ 
 Inclining to Orange, by the leaſt refrangible Rays DP a 
"YM. On the contrary, the diverging Rays will, in the con 
Surface RPM W, have all the Violet and Indigo Rays N* 
and DM W, and will therefore exhibit ſueh a __ 78 
£ y 4 
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Oyſter- Shell doth conſiſt. 


Ir will be thought very ſtrange to aſſert, that 


a rare Medium is more impervious to the Rays of 


Light than a denſer one; and yet nothing is more 
certain, or eaſier proved by Experiment: For 
Example, a Beam of Light is much more copi- 
ouſly reflected from the ſecond Surface of a Piece 
of Glaſs when contiguous to the Air, than when 


Eye; which is a Condition abſolutely nece 
ſion, as will appear hereafter. For the ſame Reaſon * 
be the Focus or Place where Objects of a red Colour will be 
moſt diſtinctly ſeen. Whence it appears, that in viewing Ob- 
jets through Glaſſes (as Spect acles for Inſtance) the Diſtance 
of the Glaſs from the Object will be variable according to its 
different Colour. 

12. Hence a various - colour d Object ABE F will have its 


Image form'd in Parts by the Lens HI. Thus ſuppoſe xxx 
| ABED be a Red Part, and DCEF a deep Blue: if tha Ob. rc 


jet be well illumined, and black Threads or Silks laid acroſs 
thoſe Colours, they will appear. diſtinctly in their reſpective 
Focus's, vis the red Part ABCD will have its Image di- 
ſtinctly form'd at K, and the blue Part at L; the former will 
be repreſented by abcd, the latter by ace; and theſe Images 
will be at very different Diſtances from the Lens. Thus if 
the Lens HI be of 3 Feet foca/ Diſlance, and the Object be 
Placed at the Diſtance of 6 Feet from it, the Images on the 
Other Side, at the Diſtance of 6 Feet, will be form'd one Inch 
ard a balf from each otif ; that is, the Red at K will be 
1; Inch beyond the Blue at L. 

13. Another Conſequence of this different Refrangibility 
of the Rays of Light is, that if two Objects of different Co- 
lours, as Red and Blue, be view'd through a Priſm, they will 
de refracted to different Heights ; and though they were con- 


'\ Uiguous before, or Parts of one and the ſame Object, yet will 


ihey appear ſeparate, or as two diſtin? and d nf Obje2s. 
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it touches Water; and ſtill more, if contiguous to 
Water, than when it is contiguous to Glaſs; in 
which Caſe the Rays are totally tranſmitted. 
Hence, wonderful as it may ſeem, tis neceſ- 
lary, in order that a Body may be tranſparent, 
that its Subſtance ſhould be very denſe, and its 


Pores very ſmall; and that Opacity reſults chiefly 
from the Largeneſs of the Pores of a Body, oc- 


Thus ſuppoſe DHEI be an Object whoſe Part DG is in- 
tenſely blur, and the other Part FE intenſely yed; if this be 
view'd by a Priſm BAC bac, with the refracting Angle or 
Edge A à upwards and parallel to the Horizonand the Sides 
DI and HE of the Object, the Image of this Object will ap- 
pear at de, with the hh Part dg refrafted igher than the 
red fe. On the contrary, if the refracting Angle of the Priſm 
be turn'd downwards, the Image will be refracted downwards 
to de, the blue Part lower to &g, and the red higher at fe. 
14. We alſo ſee the Reaſon why Objects appear different!y 
colour'd when the Eye is held near the Priſm, as at D, to view 
them ; wiz. becauſe the Rays of every Colour are there ſo 
very near together, that they can be all received by the Pu- 
pil of the Eye, and will therefore paint the Image in all its 
proper Colours on the Retina, Whereas if the Eye be re- 
moved to a greater Diſtance from the Priſm, as to a, 6, c; 
there, webs. « the Rays ſpread through ſo wide a Space, but 


few can enter the Pupil, perhaps only one particular Sort, 


and then the Object will appear of that particular Colour on- 
ly ; as Violet-colour'd at a, Green or Tellow at b, and Red at c. 

yg. The Rays of the Sun's Light, once refrafted, undergo 
no' farther Refraction by a ſ. Priſm, and of courſe exi- 
dit no other Colours: For let an Hole be made at g in the 


Board 4, on which the colour'd Spectrum is made in the dark 


Room, by Rays which come thrgugh a Hole G in a Board 
DE placed juſt before the Priſm ; by turning the P riſm 
ABC ſlowly about its Axis, the Image will be made to move 
up and down on the Board de, by which means each colour's 
Ray will paſs fingly through the Hole g ſucceſlively ; and if 


' theſe Rays be refratted a ſecond time through the Priſm abc 


placed juſt behind the Hole g, they will go from thence to 


the o Wall at M or N, and there appear juſt as before 
in their 


ſimple Colour; the Blue will appear Blue, my 
caſion'd 
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cafion'd by its Particles touching in but very few 
Points : Becauſe, if the Pores of ſuch a Body be 
fll'd with a Subſtance nearly of the ſame Den- 
ſity, it becomes in ſome Dgggee tranſparent, as 
Paper wetted with Water or Off; And on the con- 
trary, Water blown up into ſmall Bubbles has its 
Denſity diminiſhed, and its Poroſity increaſed; 
and thus becomes opake (CX). . 


Red will be till Red, and the Yiolet the ſaine Violet as be- 
fore. 
16. But though the Rays are not any farther refrangibl# 
by the ſecond Priſm ah c, yet it appears that thoſe Rays which 
were leaſt and moſt refrangible by the firſt Priſm are likewiſe 
ſo by the ſecond ; for the Boards DE and ge being fix d, cauſe 
the Incidence of Light on the ſecond Priſm to be always the 
ſame: Yet by moving the firſt Priſm ABC about its Axis, the 
Red Light would go by a ſecond Refraction to M, but the 
Violet Light would go higher to N. Which plainly and un- 
deniably ſtiews that ſome Sort of Rays will always be more 
tefracted, and are therefore more refrangible than others 

And hence this deciſive Experiment has gain'd the Title of 


Experimentum Cricis. 


. (CXX) D of the 
different Refrangibility of the Sun's Rays, (as deliver'd in the 
laſt Annotation) found alſo by other Experiments, that they 
were in the ſame manner differently reflexible; or that thoſe 
Rays which were leaſt and molt refrangible were alſo leaſt and 
molt reflexible. This he proved in the following Manner. 

2. From a Hole F in the Window-Shutter EG, 4 Beam of Plate 
the Sun's Light F M paſs'd to the Baſe BC of a Priſm ABC, XXXIX. 
whoſe Angles B and C were equal and half tight ones, and the Fig · 2. 
Angle A a tight one. The Light was firſt refracted at M 
into the diverging Beam MGH, of which MG was the leaſt 
refrangible Part, and MH that which was moſt ſo. MN is 
the Light reflected from the Baſe through the other Side to a 
ſecond Priſm VX V, by which the reflected Beam is refracted 
dem Ne being the leſs, and Np the more fefracted 

art, > 
3. When the firſt Priſm ABC is turn'd about its Axis de- 
tording to the Order of the Letters ABC, the Rays MH 
| M 2 If 
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lr the Object-Glaſs of a large Teleſcope be 
laid with its convex Surface on a plain Glaſs, the 
Light falling on the thin Portion or Plate of Air 


contain'd between ghe Glaſſes will be, at ſeveral 


emerge more and more obliquely out of the Priſm, till at 
length they beodins alli evans N. And it was evi- 
dently obſerved, that as the Priſm ABC was flowly moved 
about its Axis, all the Rays from MH to MG became ſuc- 
ceflively reflected towards N. 

4. The Conſequence of this was, that the Violet Colour 
received an Addition to its Strength and Brightneſs upon the 
firſt Reflection of the Rays MH, beyond any of the other 
Colours towards :; but as the Priſm ABC continued its Mo- 


vid, one after another, by the new Acceſſion of Light to the 
Beam MN. 
5. In this Experiment no Notice has been taken of any 


out ſo at the ſecond AB; and therefore can ſuffer no 
po ot ov gh end AÞ3 to Domtors ul 
Baſe are not ſenſibly alter d by it. In order to this, the An- 
gle FMC ſhould be about 45 ; and then a ſmall Mo- 
tion of the Priſm, to make the Angle FMC = 49", wil 
its Refraction. Or if the An- 
of them 41%, the Sun-Beam FM 


es very near the Baſe of the Priſm BC, the — 

ower of the ſaid Baſe will ſooner affect the Particles of 3 
leſſer Size than thole of a larger, even though they were at 
an equal Diſtance from it; and therefore the moſt refrangible 
Rays MH will be firſt within the reflexive Power of the Sur- 
face BC, on account of the greater Tenuity of its Particles, 
as well as on account of its greater Proximity than the other 
Rays MC ; on both which Accounts therefore the Ray HM 
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Diſtances from the Centre, alternately tranſmitted 
and reflected. In the Centre of the Lens, where 
it touches the Glaſs, it will be tranſmitted, and 
ſo cauſe a dark Spot to appear: At a ſmall Di- 


will be firſt and moſt eaſily re fracted. 

7. Now though in Refraction the Sine of the Angle of In- 
cidence is different from the Sine of the Angle of RefraQtion, 
on account of a ſmaller Particle being attracted more out of 
its Way towards the Perpendicular than à larger one, whereby 
a Separation of the Rays is produced; yer hecauſe in Re- 
flections every Particle whether great or ſmall muſt neceſſarily 
be reflected under an Angle equal to that of Incidence, it 
follows, that all the Rays after Reflection will have the ſame 
[nclination to each other as before, and ſo no Separation can 
be made among them, and conſequently no different colour'd 
Light will be produced by a total Reflection of the Sun's 

Ra 


ys. 
8. What has been ſaid of the Manner in which _ is 
reflected is in the groſs only, and true but in part; for agh 
in Reflections the Angle of Incidence be ever equal to 
Angle of Reflection, yet the Reflection of the Particles of 
Light is not made by their impinging on the ſolid ar imper- 
vious Parts of Bodies, as is commonly believed. This our 
great Author proves by the following Reaſons. 

9. Firſt, That in the Paſſage of Light out of Glaſs into 
Air, there is a Reflection as ſtrong as in its Paſſage out of Air 
into Glaſs, or rather a little ſtronger, and by many Degrees 
tronger than in its Paſſage out of Glaſs into Water: And it 
ſcems not probable that Air ſhould have more ſtrongly refle&- 
ing Parts than Water or Glaſs : But if that ſhould be fi ed, 
it will avail nothing; for the Reflection is as ſtrong or ſtronger 
when the Air is drawn away from the Glaſs by an Air-Pump, 
as when it is adjacent to it. 

10. Secondly, If Light in its Paſſage out of Glaſs into Air 
be incident more obliquely than at an Angle of 40 or 41 De- 
grees, it is wholly refleed ; if leſs obliquely, it is in a great 
meaſure tranſmitted. Now it is not to be itnagined that Light 
at one Degree of Obliquity ſhould meet with Pores enough in 
the Air to tranſmit the greater Part of it, and at another De- 
= of Obliquity —— with nothing but Parts to re- 
<&t it wholly ; eſpecially conſidering, that in its Paſſage ont 
of Air into Glaſs, how oblique ſoever be its Incidence, it 
nds Pores enough in the Glaſs to tranſmit a great Part of ii. 
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ſtance from thence, all around, the Light will be 
reflected in various-colour'd Rings: In the next 


Diſtance it will be tranſmitted, and in the next 


to that reflected; and ſo on alternately to a con- 


11. If any Man ſuppoſe that it is not reflected by the Air, 
but by the outmoſt ſuperficial Parts of the Glaſs, there is ſtill 
the ſame Difficulty ; befides that ſuch a Suppoſition is unintel- 
ligible, and will alſo appear to be falſe by applying Water 
behind ſome Part of the Glaſs inſtead of Air: For ſo in a 


convenient Obliquity of the Rays, as of 45 or 46 Degrees, 


_—_ they are all reflected where the Air is adjacent to 
Glass) they ſhall be in great meaſure tranſmitted where the 
Water is adjacent to it; which argues that their Reflection or 
Tranſmiſſion depends on the Conſtitution of the Air and Wa- 
ter behind the Glaſs, and not on the ſtrik ing of the Rays on 
the Parts of the Glaſs. | | 
12. Thirdly, If the Colours made by a Priſm placed at the 

Entrance of a Beam of Light into a darken d Room be ſuc- 
ceſſively caſt upon a ſecond Priſm placed at a greater Diſtance 
from the former, in ſuch a manner that they are all alike in- 
cident upon it, (as they will be when trajected through the 
Holes G and g in the two Boards mention'd in Art. 15. of 
the laſt Note) the ſecond Priſm may be fo inclined to the in- 
cident Rays, that thoſe which are of a Blue Colour ſhall be 
all reflected by it, and yet thoſe of a R Colour pretty cc- 
uy tranſmitted. Now if the Reflection be cauſed by the 

of Air or Glaſs, I would aſk why, at the fame Obliqui- 
ty of Incidence, the Blu ſhould wholly impinge on thoſe 
Parts ſo as to be all reflected, and yet the Red find Pores enough 
to be in à great meaſure tranſmitted ? | 

13. Feurthly, Where two Glaſſes touch one another, there 

is no ſenſible Reflection, (as will be ſhewn Arnot. CXXI. 7) 
yet I ſee no Reaſon why the Rays ſhould not impinge on the 

of Glaſs as much when cantiguaus to other Glaſs, 23 
when contiguous to Air. SY YO | 
14. Fifibly, When the Top of a Water Bubble, (as 
be ſhewn Aznor. CXXI. 24.) by the continual ſubfiding : 

ing of the Water, grows very thin, there is ſuch a little 


and almoſt inſenſible Quantity of Light reflected back from it, 


that it appears intenſely black; whereas round about the 
Spot, where the Water is thicker, the Reflection is ſo 
rong as to make the Water ſeem very white, Nor is i 
dal at the lea} Thickneſs of thin Plates or Bubbles that there 

* 2 "qa 4 2 _ 8 E G 5 ds #'J . fiderablc 


Of Licar and Colours. 


ſiderable Diſtance from the central Spot. If we 


take the Diſtances as the Numbers o, 1, 2, 3, 4, 
5, 6, 7, 8, 9. 10, Sc. then at the Diſtances o, 2, 


is no manifeſt Reflection, but at many other Thickneſſes con- 
tinually greater and greater. And yet in the Superficies of 
the thinned Body, where it is of any one Thickneſs, and 
the Rays are tranſmitted, there are as many Parts for them 
to impinge on, as where it is of any other Thickneſs where 
the Rays are reflected. . 

15, Sixthly, If Reflection were cauſed by the Parts of re- 
flefting Bodies, it would be impoſfible for thin Plates or Bub- 
bles at one and the ſame Place to refle& the Rays of one Co- 
lour, and tranſmit thoſe of another, as is known by Experi- 
ment they do: For it is not to be imagined, that at one Place 
the Rays, which, for Inſtance, exhibit a Blue Colour, ſhould 
have the Fortune to daſh upon the Parts, and thoſe which 
exhibit a Red to hit upon the Pores of the Body ; and then 
at another Place, where the Body is a little thicker or a little. 
thinner, that (on the contrary) the Blue ſhould hit upon its 
Pores, and the Red upon its Parts. 

16. Seventhly, and laſtly, Were the Rays of Light reflect- 
ed by impinging on the ſolid Parts of Bodies, their Refle- 
ions from poliſh'd Bodies could not be fo regular as they are: 
For in poliſhing Glaſs with Sand, Putty, or Tripoli, it is not 
to be imagined that thoſe Subſtances can, by grating and fret- 
ting the Glaſs, bring all its leaft Particles to an accurate Poliſh, 
ſo that all their Surfaces ſhall be truly plain or truly ſpherical, 
and look all the ſame Way, ſo as together to compoſe one 
even Surface. The ſmaller the Particles of thoſe Subſtances 
are, the ſmaller will be the Scratches by which they conti- 
nually fret and wear away the Glaſs until it be poliſhed ; but 
be they never ſo ſmall, they can wear away the Glaſs no 
otherwiſe than by grating and ſcratching it, and breaking the 
Protuberances, and therefore poliſh it no otherwiſe than b 
bringing its Roughneſs to a very fine Grain, ſo that the Scratches 
and Frettings of the Surface become too ſmall to be viſible : 
And therefore if Light were reflected by impinging on the 
ſolid Parts of Glaſs, it would be ſcatter'd as much by the 
moſt poliſh'd Glaſs as by the rougheſt. So then it remains a 
Problem, How Glaſs poliſhed by fretting Subſtances can reflect 
Light fo regularly as it does ? 

17. And this Problem is ſcarce otherwiſe to be ſolved than 
by ſaying, That the Ain of the Ray is. effeded, no by a 
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4, 6, 8, 10, Sc. the Light will be tranſmitted; 
and at the Diſtances 1, 3, 5, 7, 9, Sc. it will be 


reflected in colour'd Rings: And this alternate 


fengle Point of the reflefting Body, but by ſome Power of 1h, 
Body which is evenly diffuſed over all its Surface, and by which 
it act. the Ray, without immediate Contact. For that the 
Parts of Bodies do act upon Light at a diſtance, has been al. 
ready obſerved, and may be ſeen more at large in the Third 
Part of our Author's admirable Treatiſe of Optics. 

18. Now (continues Sir //aac) if Light be reflected, not by 
impinging on the ſolid Parts of Bodies, but by ſome other 
Principle, it is probable that as many of its Rays as impinge 
on the ſolid Parts of Bodies are not reflected, but ſtifled and 
loſt in the Bodies; for otherwiſe we muſt allow two Sorts of 
Reflections. Should all the Rays be reflected which impin 
on the internal Parts of clear Water or Cryſtal, thoſe Sub- 
ſtances would rather have a cloudy Colour than a clear Tinnſ- 


19. Concerning this Power, by which Light is reflected 
and refracted, Sir aac underſtands it to be of an attractive 
and repulſive Nature; for he reaſons thus: Since Metals diſ- 
ſolved in Acids attract but a ſmall Quantity of the Acid, their 
attractive Force can reach to but a ſmall Diſtance from them. 
And as in Agebra, where Affirmative Quantities vaniſh and 
ceaſe, there Negative ones begin; ſo in Mechanics, where 
Attraction ceaſes, there a repulſive Virtue ought to take 


20. And that there is ſuch a Virtye ſeems to follow, 
(1.) From the Reflections and Inflections of Light, as before 
obſerved. (2.) From the Emiſſion of Light; the Ray, fo 
ſoon as it is ſhaken off from the ſhining Body by the vibrati 
he of the Tun 2 Body, of, ode way nh” - 

Attraction, being driven away with exceeding great Velo- 
City. For that Forge which 1s — to turn it back in Re- 
flection may be ſufficient to emit it. {3.) It ſeems alſo to fol- 
low from the Production of Air and Vapours ; the Particle; 
when they are ſhaken off from Rodies by Heat or Fermen- 
tation, ſo ſoon as they are beyond the Reach of the Attrac- 
tion of the Body, receding from it, and from one another, 
with great Strength, and keeping at a diſtance, ſo as ſome- 
times to take up a Million of times more Space than they did 
before in the Form of a denſe Body. 


21. To chis repulſive Power he aſcribss the Reflefion of 
' Diſpoſition 


ref 


EFS*SSSEAnHDEDTYTDTE ESR 


Of Licur and Colours. 


Diſpoſition of Light to be reflected and tranſmitted, 
Sir Jaac calls the Fits of eafy Reflection, and Fits 
of eaſy Tranſmiſſion (CXXI.) 


Rays, and to the attractive Power the Refraion ; as has been 
before deſcribed. But how the Light is partly refleted and 
partly refracted at the Surfaces of Bodies, and. what Phæno- 
mena do thence ariſe, we ſhall ſhew from the ſame illuſtrious 
Author in the following Annotation. 


(CXXT.) 1. Concerning the particular Manner in which | 


Light is reflected from natural Bodies, whether it be by a re- 
pulſive Power before it arrives at the Surface, or by an un- 
dulating Virtue every where diffuſed over the Surface, and 
cauſing a Reflection by the riſing Wave, and a Tranſmiſſion 
by the ſubſiding Wave ; or laſtly, whether the Refleftion be 
occaſion d by the Vibrations of the Parts of Bodies, or the 
Mediums next the reflecting or refracting Surfaces, it will not 
be worth while here to ſpend Time in examining, fince Sir 
Iaac Newton has confeſs'd himſelf unable to determine the 
Modus agendi, which Nature makes uſe of in this Affair. 

2. Nor is his Doctrine of the Fits of eaſy Reflection and 
20% Tranſmiſſion to be eſteem'd a meer Hypotheſis, or ſo 
much clagg d with Suppoſitions, as to be diſſonant from that 
dimplicity, Uniformity, and Regularity with which Nature 
is every where obſerved to act; fince nothing can be more 
certain than that Light is at one Diſtance reflected, at another 
refrafled, and that this is by a continual Alternation at ex- 
ceeding ſmall Intervals thro* the Subſtance of various Media 
or Bodies; and the Experiments which he made were many, 
and moſt convincing Proofs of the Thing. | 

3. And his Vibrations in the Parts of Bodies, and the e- 
lalic Medium which every where ſurrounds them, | 
from thence, is very conſonant to the Proceſs of Nature, in 
Mropagating Sounds by the Undulations of the Air ariſing 
from the Vibration of the Parts of Bodies agitated by Pet- 
cuſion, Nature in each Caſe ſeems very conſiſtent with her 
ſelf, and to act with a wonderful Uniformity, and equal Sim- 
plicity, Nor can I ſee any reaſon to hope for (much leſs to 
promiſe) a Solution of this Phænomenon from the ambige- 
neous Principle of Attraction, whoſe Action is well known to 
be always the ſame to a certain Diſtance or Limit one way, 
and beyond that as conſtantly the reyerſe; ſuch a Circum- 
ſtance little favours the Prediction of an eaſy and fimple So- 
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As Light, falling upon this thin Plate of Air 
between the Glaſſes, is variouſly diſpoſed to be 
reflected or tranſmitted,” according to the ſeveral 


4. I ſhall therefore proceed to give an Idea of one of the 
moſt beautiful, delicate, and importing Diſcoveries that wa; 
ever made; arid that as nearly as may be after the Manner, 
and in the Words of the Author, by the Experiments which 
he made, and his Obſervations and Reaſonings thereupon. 

5. The firſt Experiment he mentions is the Compreſſion of 
two Priſms hard 22 whoſe Mes were a little convex, 
by which means they touched by à ſmall Part of their Sur- 
faces, and contain'd every where elſe a thin Plate of Air, a 
it may be properly call'd, whoſe Thickneſs did every where 

ually increaſe from the touching Parts. He obſerved the 
where they touched became abſolutely tranſparent, a: 
if they had there been one continued Piece of Glaſs. 

6. For when the Light fell ſo obliquely on the Plate of 
Air between the Priſms as to be all reflected, it ſeem'd in 
that Place of Contact to be wholly tranſmitted, inſomuch, that 
when look'd upon it appear'd like a black or dark Spot, by 
reaſon that little or no ſenſible Light was reflected from thence, 
as from other Places. | 

7. When he look'd through the Priſms, this Place of Con- 
tat ſeem'd (as it were) a Hole in the Plate of Air, ard 
through this Hole Objects that were beyond might be {een 
diſtinctiy, which could not be ſeen through other Parts of 
the Glaſſes where the Air was interjacent. By harder Com- 

ſton, the Spot was dilated by the yielding inwards of the 

of the Glaſſes. | 

8. When the Plate of Air, by turning the Priſms about 
their common Axis, became ſo little inclined to the incident 
Rays, that ſome of them began to be tranſmitted, there 2. 
role in it many flender colour d Arches, which at firſt were 
ſhaped almoſt like the Conchoid, as in Fig. 1. and by con. 


wars. the Motion of the Priſms, theſe Arches increaſed aud 
bend 


more and more about the ſaid tranſparent Spot, til 


they were compleated into Circles or Rings encom paſſing it; 


and afterwards continually grew more and more contraQted. 
9. Theſe Arches and Rings became tinged with varios 
Colours, as the Motion of the Priſms was continued, being 
at firſt of a Violet and Blue; afterwards of a White Blu, 
Violet; Black, Red, Orange, Yellow, White, Blue, Violet, &c. 
Aſter this, the colour'd Rings contraſted, and became on 
black and white ; The Priſms being farther moved Peg N 
| | grec 
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Degrees of Thickneſs; ſo when it falls on the 
Surface of natural Bodies, it is as variouſly re- 
gected from the Pores of Air of different Thick- 


Colours all began to emerge out of the Whiteneſs, and in a 
contrary Order to what they had before. 

10. But to obſerve more nicely the Order of the Colours 
which aroſe out of the white Circles, as the Rays became leſs 


and leſs inclined to the Plate of Air, Sir Iſaac Newton made 


uſe of two Obje&t-Glaſſes, one a Plano-Convex, and the o- 
ther a Double-Convex, of the ſame Sphericity on both Sides, 
of 51 Foot focal Diſtance; and upon this he laid the plane 
Side of the other, preſſing them ſlowly together to make the 
Colours ſucceſſively emerge in the Middle of the Circles, and 
then lowly lifted the upper Glaſs from the lower to make 
them ſucceſſively vaniſh again in the ſame Place. 

11, Upon Compreſſion of the Glafſes, various Colours 
would emerge and ſpread into concentric Circles or Rings of 
different Breadths and Tints encompaſſing the central Spot. 
Their Form, when the Glaſſes were moſt compreſſed, is de- 
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- liceated in the 2d Figure, where à is the central black Spot, Plate XL. 


A eee of Colours from thence outwards as fol- 
2 Car 1, Purple. 


K g. Blue. m, Blue. 
L. 7 * rag 2. (J, Green. 3. , Green. 
y Red : i, Yellow. 9, Yellow. 
2 4, Red. b, Red. 
„Green. ;, Greeniſh Blue. 
4.3% Red. SM Red. 
6.5% Greeniſh Blue. y, Greeniſh Blue, 
Tz Pale Red. 7, Reddiſh White. 


12. To determine the Thickneſs of the Plate of Air, 
where each of the Colours was produced, he meaſured the 
Diameter of the firſt ſix Rings at the moſt lucid Part of their 
Orbits, and ſquaring them found thoſe to be in the 
Arithmetical Progreſſion of the odd Numbers 1, 3, 5, 7, 9» 
11; and ſince one of thoſe Glaſſes was plane, and the other 
Pherical, their Intervals at thoſe Rings muſt be in the ſame 
P . Alſo he meaſured the Diameters of the dark or 
faint Rings between the more lucid Colours, and found their 
Squares to be in the Arithmetical Progreſſion of the even 
Numbers 2, 4, 6, 8, 10, 12. 

13. All this follows from the Nature of the Circle ; far 


neſſes 
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neſſes in thoſe Bodies; and according to the dif. 
ferent Texture of Bodies, and Magnitude of the 
Particles of Light, it will be either tranſmitted 


let the Circle E FG be the Section of the Sphere whoſe Con. 
vexity is equal to that of the Double-Convex above-mention'd, 
and the Line AB a Section of the plane Surface of the Plano. 
Convex touching the other in the Point D; then ſup 

De, D/ the Semidiameters of two Rings, the Thickneſs of 
the Air between the Glaſſes at thoſe Rings will be ec and /, 
which are equal to Da and D6 reſpectively. If therefore, 
as uſual, we put DG=a, Da = x, DS X, ac= 
(De=)y, and b4= (DFf=)Y then the Property of 
the Circle we have yy =ax— xx, and YY =aX— XX; 
and therefore *: Y* a ek xX. = 
x X. But when à or Dę is very great with reſpe& to x and 
X, or Da, Db, then — = 1 nearly ; conſequently, in 


the preſent Caſe y*: Y*:: x: X; or the Squares of the Se- 


midiameters of the Rings De, D/, are as the Intervals c, 


Va, or Thickneſſes of the Plates of Air in thoſe Places; and 
therefore the Squares of the Whole Diameters are in the 
ſame Ratio. 

14. Sir aac meaſured the Diameter of the 5th dark Cir- 
cle, (ſuppoſe 2 DF) and found it equal to + of an Inch; but 
then viewing it through a Glaſs 4 of an Inch thick, and near- 
ly in the Perpendicular, it maſt by Refraction appear dimi- 
niſh'd nearly in the Proportion of 79 to 80; is ter, Ao of: 


80 :: 1.55 2 DF the real Diameter between the Glaſſes. 


Whence Df= 5 Ne in this Experiment DG — 182 


Inches, we have DG : bf (= DF) :: : Db = ai os, 

in Numbers, 1 — : TS — — =f4; 
29, 79 $67931 1774784 

and ſince the Thickneſs of the Air at the 5th Ring is to that 

at the firſt as 10 to 2, or 5 to t, (by Art. 12. therefore j of 


100 r 1. 
N gag | for the Thickueb of 
Dein ee 
the Air at the firſt dark Ring. 

_ 15. By another Obje&-Glaſs of a Sphere whoſe Diameter 
DG= 184 Inches, he found the Nimenſio n. 
f wWholly, 
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wholly, or in part; and that which is reflected 
. will be all of one Sort of Rays, or of ſeveral Sorts 
promiſcuouſly and unequally, or of all Sorts equally, 


a the fame dark Circle to be i hg Part of an Inch But the 


in both theſe Obſervations was not quite perpendicularly 
ober de Glaſs, and the Rays were inclined to the Glaſs in an 
Angle of 4 Degrees; therefore (as per next Article) had the 
Rays been perpendicular to the Glaſſes, the Thickneſs of the 
Air at theſe Rings would have been leſs, and that in Propor- 
tion of the Radius 10000 to the Secant of 4 Degrees 10024. 
The Thickneſſes found diminiſhed in ths Ratio will be fc 


and g., or in the neareſt round Numbers - - Part of +546 Mau 
89063 0 2 Dptichs og - 
an Inch, Now half of this, viz. , is the Thickneſs 


178000 [7 Se 
, 3 
2 4 6 


5 7 CI. SHOTS A ROI” 00 
178000 178000 fs; 178000 * 178000 ' 178000 * 
Sc. are the Thickneſſes at the ſeveral dark Rings. 

16. The Rings were obſerved to be leaſt when the E 
was held icularly over the Glaſſes in the Axis of 
Rings ; and when they were view'd obliquely, they became 
bigger continually, ſwelling as the Eye was removed farther 
from the Axis. And by meaſuring the Diameters of the ſame 
Circle at ſeveral Obliquities of the Eye, and by ſome other 
Methods, Sir Jſuac found its Diameter, and te y the 

cknels of the Air at its Periphery in all thoſe Obliquities, 
to be very nearly in the Proportions expreſſed in the following 
Table ; where the firſt Column exprefics the Angles of Inci- 
dence which the Rays of Light make with the Perpendicular 
in the Glaſs ; the ſecond Column expreſſes the Angle of Re- 

fraction into the Plate of Air; the third Column ſhews the 
Diameter of any colour'd Ring at thoſe Obliquities expreſſed 
in Parts, of which ten conſtitute the Diameter when the Ra 
are perpendicular ; and the fourth Column ſhews the Thick- 
neſs of the Air at. the Periphery of that Ring expreſſed in 
Parts, of which the Diameter conſults of ten alſo when the 
Rays are perpendicular, 


Whence 


7 
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Whence it will follow, (I.) If the Light be 
wholly tranſmitted, the Body will appear 3act; 


17. | Angle of Inci-| Angle of Ne. Dian ter Thb 
dence on the\ fraftion into | of the of the 
Plate of Air | the Pl. of Air.) Ring. Air. 
oo oo 00 oo 10 10 
06 26 10 OO | 107 107 
| 12 45 20 oo 103 10] 
18 49 30 oo 10 114 
24 30 40 oo 111 13 
9 37 3 OO 125 152 
33 58 60 oO 14 20 
35, 47 | 65 oo | 153 237 
37 19 70 oO 16s 28 
38 33 75 00 | 19z 37 
39 27. oo | 227 924 
40 Oo 85 o 29 84 
40 11 go ood | 35 1225 


18. By looking through the two contiguous ObjeQ-Glaſſei 
or Priſms, it was obſerved that the Rings of Colours appear'd 
as well by tranſmitted as by refl Light. The central 
Spot now became white and tranſparent. The Order of the 
olours was Tellowifh Red; Black, Violet, Blue, White, J. 
bow, Red; Violet, Blue, Green, Yellow, Red, &c. as they are 
Plate XL, written in the 4th Figure below, thoſe above bc-ng the Co- 
lours by Reflection; AB and CD being the Surfaces of the 
Glaſſes contiguous at E, with Lines between ſhewing the [1- 
tervals or 'Thickneſſes of Air in Arithmetical Progreſſion, 
Where comparing the Colours, you obſerve that White is op- 
te to Black, to Blue, Yellow to Violet, Green to 
ed, &c. in reflected and oy magery oh But the Colour 
by refracted Light were very faint and diluted; except when 
view'd very obliquely, for then they became pretty vivid. 
19. By wetting the Glaſſes round their Edges, the Water 
crept in ſlowly between them, and the Circles thereby became 
Teſs, and the Colours more faint. Their Diameters being 
meaſured were found in Proportion to thoſe of the Ring 
made in Air as 7 to 8, and therefore the Thickneſs of Air at 
like Circles as 7x 7 =49 to 8 & 8 = 64, or as 3 to 4 ver 
nearly, which is the Ratio of the Sines of Incidence and Re- 
fration out of Water into Air. And this perhaps (ſays Sir 
| which 
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which is the Abſence of all colour'd Light. (2.) 
If the Light reflected from Bodies be all of one 


ſac) may be a general Rule for any other Medium interce- 
ding the Glaſſes more or leſs denſe than Water. 

20. The colour'd Rings made in Air became much more 
diſtin, and viſible to a far greater Number, when view'd in 
a dark Room by the Reflection of the colour'd Light of the 
Prim. The Rings made by Reflection of Red Light were 
manifeſtly bigger than thoſe madeby the Blue and Violet; and 
it was very pleaſant to ſee them gradually ſwell and contract 
according as the Colour of the Light was changed. The 
Motion was quickeſt in the Red, and ſloweſt in the Yrolet ; 
and by an Eſtimation made of the Diameters of the Rings, 
the Thickneſſes of Air in the Places. where the Rings are 
made by the Limits of the ſeven Colours, Red, Orange, Yel- 
lew, Green, Blue, Indigo, Violet, ſucceſſively in Order, were 
to one another as the Roots of the Squares of the 8 
Lengths of a Chord which ſound the Notes of an OZave, 


21, Theſe Rings were not of various Colours, as thoſe 
made in the open Air, but appear'd all over of that Priſma- 
tic Colour only with which it was illumin'd ; and by throw- 
ing the colour'd Light direQly on the Glaſſes, that which fell 
on the dark Spaces between cbs Rings — — 
the Glaſſes without any Variation of Colour. This appear'd 
by placing a white Paper behind, on which the Rings were 
painted of the ſame Colour as thoſe by reflected Light, and 
of the Bigneſs of their immediate Spaces. | 

22. Hence the Origin of theſe Rings is manifeſt ; namely, 
that the Air between the Glaſſes, according to its various 
Thickneſs, is diſpoſed in ſome Places to reflect, in others to 
tranſmit the Light of any one Colour; and in the ſame Place 
to reflect that of one Colour, where it tranſmits that of an- 
other; in the Manner as you ſee repreſented in the 5th Fi- 
gure: Where AB, CD, are the Glaſſes, as before; and a, c, 
| 2, g, i, l, *, p, the Parts of the Beam tranſmitted; and 3, 4. 
bak. m, o, the Parts of the Beam reflected, making the co- 

ings. | 
23. The Squares of the Diameters of theſe Rings made 
any Priſmatic Colour, and conſequently the Thickneſſes of 
Air at each, were in Arithmetical , as in the 
of common Light; and the Dimenſion of the Ringe 
by Yellow Light the ſame as ſpecified in Article 14. 


Sort 


that is, of the Numbers 1, 5, 8, 4, 3, J, r K. fit Arial. 22 
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Sort, that Body will appear all of one Colour, 
which will be moſt ſimple and intenſely deep. 


Theſe Obſervations were made with a rarer thin Medium ter. 
minated by a denſer, wiz. Air and Water between Glaſſes, 
In thoſe which follow are ſet down the Phznomena of a 
denſer Medium thinn'd within a rarer, as Plates of Maca 


i Glaſs, Bubbles of Water, Oc. bounded on all Sides with 


Air 


| ' 24. In the Experiment made with a Bubble of Soap-W 
# 24. In p- Water 
il cover'd by clear Glaſs, and expoſed to the white Light of the 


| Sky, it was obſerved, that as the Bubble grew thinner by the 
continual ſubäding of the Water, it exhibited Rings of Co 
| lours ſlowly dilating, till they overſſ the whole Bubble, 


— — — 9 


and vaniſh'd at the Bottom ſi vely. The Bubble was 
black at Top, and this central Spot was ſurrounded with 
ings of the ſame Colours, and in the ſame Order as thoſe 
of Air in At. 11, but much more extended and lively. 
25. As the Thickneſs of the aqueous Shell diminiſhed, the 
Colours of the ſeveral Rings by Dilatation were ſucceeded 
| ss. by others in Order from the Red to the Purple. Thus the 
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into a greeniſh Yellow, and then into a greeniſh Blue. After- 
wards a very good Blue, of an azure Tint, appear'd ; which 
was ſucceeded by an intenſe and deep Violet. And ſo it 
happen'd in all the other Orders of Colours, only not in ſo 
regular and perfet a Manner, the Colours in them being 
more compounded and leis diſtinct. S 
26. Theſe Rings of Colours, view'd in various Poſitions 
of the Eye, were found to dilate according as the Obliquity 
of the Eye increaſed, but not ſo much as thoſe of Air in 
Art. 16. For by the Table, rt. 17, it appears they expanded 
to a Part where the Thickneſs of the Air was to that where 
they appear d when view'd perpendicularly as 122; to 10, ot 
more than 12 to 1; whereas Sir Iſaac found, by meafuring 
the Thickneſs was Bubble at ——_— Rings, as oy 
a d at the ſeveral Degrees of Obliquity mention ' d in 
d. Table below, that the greateſt was to the ] 
12.485 which Increaſe is 


mer in Air. | 
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(3.) It the Rays are promiſcuouſly reflected. but 
one Sort more than the reſt, the Body will ap- 


27. The Angles of Incidence on the Water, and the Re- 
fraction into the Water, are ſhewn in the two firſt Columns, 
and in the third the Thickneſſes of the aqueous Shell corre- 
ſponding thereto. 


Incidence on |Refruttion in | | bickneſs of 
the Water. | to the Water | the Shell. 
Deg. Min. | Deg. Min. 
oo oo | oo oo | 10. | 
15 bo 11 11 104 
30 00 | 22 ol 107 
45 09 | 32 Oz 114 
60 oO 40 30 13 
75 00 | 46 25 145 
go oo | 48 35 | 157 


28. The Sines of theſe Angles our of Water into Air are 
aſſumed as 3 to 4 ; and Sir {aac has collected, (with a pro- 
digious Sagacity) that the Thickneſs of the Pate of Air or Shell 
of Water, requifite to exbibit ons and the ſume Colour at ſever 


Obliquities of the Eye, is proportional to the Secant of an 
whoſe Sine 18 the firſt of 106 meat Proportionali een the 
Sines of Incidence and Refraftion. : 


29. As in Art. 18, ſo here the Bubble by tranſmitted Light 
appear'd of a contrary Colour to that which it exhibited by 
Reflection: Thus that Part which look'd Red by refleted 
Light lock d Blue by refracted, and the Part which was Blue 
by reflected Light was Red by Rays tranſmitted. Theſe Kings 
appear much more numerous, and more dilated, when view'd 
through a Priſm than to the naked Eye; and by means of 
the Priſm ſeveral Rings may be diſcover d between the Glaſſes 
or in the Bubble, When noge appear to the bare Eye. | 

30. The colour'd Rings now deſcribed appear alſo in thin . yk (v5 
Pieces of Muſcovy Glaſs ; which when they were wetted on 
the Side oppoſite to the Bye exhibited ſtill the ſame Colours, 
but more languid and faint. Whence, and by 4-4. 19, it r 0. 
evidently appears, that the Thickneſs of a Plate requiſite to 
produse any Colour depends only on the Denſity of the Plate, 
and not on that of the ambient Medium. And upon the 
Whole, if the Plate be denſer than the ambient Mediom, it 
5 lively Colours than that which is ſo 

rarer. 8 1 
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pear of the Colour proper to that Sort of Ray, 
but it will be not ſo pure and ſtrong as before. 


31. The Colours which ariſe on poliſh'd Steel being heat- 

| ed are of the ſame Kind with thoſe in the Rings of the Bub- 
ble, emerging one after another from Red to Blue or Purple 
ſucceſſively; and like the others will change in being view d 
at different Obliquities of the Eye, but not in ſo great a De- 


K That we may be able to ſhew how the Colours in the 

ſeveral Rings are produced, we ſhall a little illuſtrate Sir J. 

ſaat's Invention for that Purpoſe. * In order to this, Let there 

PlateXLI. be taken, in any Right Line YH, the Lengths YA, VI, 

Fig. i. YC, YD, YE, YF, YG, YH, in Proportion to each other 

fee A the Cube Roots of the Squares of the Numbers +, 1, 3, 2, 

2, 3, 3s 1 3 that is, inthe Proportion of the Numbers 6300, 

2.0. om 7114, 7631, 8255, 8855, 9243, 10000. See Arti- 
cle 20. 

33. In the Points A, B. C, D, E, F. G, H, erect the Per- 
pendiculars Aa, Bb, Cc, &c. by whoſe Intervals the Extent 
of the Colours wrought by them will be repreſented, For if 
at the Thickneſs V A the Violet Colour begins, and the In- 
digo at B, the Extent AB will repreſent the Breadth of the 
Violet; and fo of the reſt. A | 

we; <q. 34. Then let the Line Aa be divided into equal Parts, and 
FT” number'd as in the Figure to 43; and through thoſe Divi- 
ſons from V draw the Lines 11, 2 K, 3L, 5M, 6N, 70, Ce. 
Then will the Parts Az, A6, A 10, A 14, &c. be in Propor- 
tion to the odd Numbers 1, 3, 5, 7, 9, 11, Cc. or as the 

Thickneſſes of the Air at the ſeveral Rings. See Art. 12. 
1 35. Therefore ſince A 2 repreſents the Thickneſs of any 


| thin tranſparent Body, at which the Violet of the firſt Order 
1 reflected: Becauſe, in the fimilar Tri AV z and HYK, 
caaqes - 

therefore alſo A 2 and HK. See At. 32. 

and (by At. 20.) the Ratio of the Thickneſs of the Air where 


or Ring is moſt copiouſly reflected; then will HK repreſent 
its Thickneſs where the Red of that Order is molt copiouſly 
we have YA: YH:: Az: HK But YA and YH are as 
the Thickneſſes of the Plate of Air at theſe Colours, and 

17 * "iy * 
+* *. 736. Again; becauſe (by At. 12.) AG is the Thickneſz 
: - where the Violet of the 2d Ring is moſt copiouſly reflected, 
Violet and Red are reflected is the ſame as of V A to YH: 
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(4) If three or four Sorts of Rays are prorhil. 
cuouſly reflected more than the reſt, the Colour 


and HQ will repreſent the ſame for the Violet and Red of 
the third Order, and ſo on. | 

37. And the Thickneſſes at which the intermediate Co- 
lours will be reflected moſt copiouſly will be defined by the 
Diſtance of the Line AH from the intermediate Parts of the 
Line 2K, 6N, 100. &c. againſt which the Names of the 
Colours are written ; which is eaſy to underſtand. : 

38. But farther to define the Latitude or Breadth of the 
Colours in each Ring, let A 1 denote the leaſt Thickneſs, and 
Az the greateſt, at which the extreme Violet in the firſt Se- 
ries cr Ring is reflected; then ſhall HI and HL be the like 
Limits for the extreme Red, and the intermediate Colours 
will be limited by the intermediate Parts of the Lines 1 I and 
3L, againſt which the Names of thoſe Colours ftand ; and 
ſo on. Note, The ſame Latitude is affign'd to every Series 
of Colours, AH L3, 5MO7, gPRit; Oc. becauſe the 
Difference of the Breadths of the Rings in the Plates of Air 
ind Water were inſenſible to the Eye in the Experiment. 

39. From hence it is eaſy to obſerve, that the Spaces 
A1lH, 35ML, 79PO, c. are thoſe at which the Rays 
are tranſmitted, and the dark Circles appear. And therefore 
we may know from this Scheme what Colour muſt be exhi- 
bited (in the open Air) at any Thickneſs of a tranſparent thin 
Body: For if à Ruler be applied parallel to AH, at the Di- 
ſtance from it by which the Thickneſs of the Body is repre- 
ſented, the alternate Spaces 11 L3, 5M O7, Sc. which it 
croſſes, will denote the reflected original Colours, of which 
the Colour exhibited in the open Air is compounded. 

40. Thus, for Example, if it be required to find what is 


the Conſtitution or component Colours of the Green of the 


third Order or Series, apply the Ruler as you ſee at . 
(parallel to A H) and by its Paſſage tlirough ſome of the Blue 
at i, and Yellow at «, as well as through the Green at , you 
may conclude that the Green exhibited at that Thickneſs of 
the Body is W conſtituted of original Green, with 4 

of ſome Blue and Yellow. | f 
41. By this means alſo you may know how the Colours 
from the Center of the Rings outward ought to ſucceed int 
the Order as they have been deſcribed in At. 11. For if you 
move the Ruler gradually from A H through all the Diſtances, 
having paſs'd over the firſt Space A 1, which denotes little ot 
0 Reſſection to be made by thinneſt Subſtinces} it will 
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of the Body will be a Mix'd or Compound, in- 
clining to the Tint of the moſt predominant Co- 


arrive at 1 the Violet, and then quickly at the Blue and Green, 
which together with the Violet compound Blue; and then at 
the Yellow and Red, by whoſe farther Addition that Blue is 
converted into Whiteneſs, which continues during the Tranſit 
of the Ruler from I to 3; and after that, by the ſucceſſive 
Deficience of its component Colours, turns firſt to compound 
Yellow, and that to Red, which ceaſes at L. Thus are the 
Colours of the firſt Series generated. 

42. Then begin the Colours of the ſecond Series, which 
ſucceed in Order during the Tranſit of the Edge of the Ruler 
from 5 to O, and are more lively than before, becauſe more 
expanded and ſevered: And here, becauſe the Ruler arrives 
to and paſles over the Point 7 before it comes to M, there 


cannot be a Reflection of all the Colours at the ſame Time, and 


therefore no Whiteneſs between the Blue and Yellow, as be- 
fore.; but there will be a Reflection of original Green, with 
Yellow and Orange on one Side, and Blue and Indigo on the 
other, which together make a compound Green. The Vio- 
let will here firſt appear at 5, before it comes to be reflected 
with Indigo and Blue. 

43- So the Colours of the third Series happen in Order; 
firſt the Violet at 9, which as it interferes with the Red of 
the ſecond Order, is thereby inclined to a reddiſh Purple, 
Then the Blue and Green, which here are leſs mix'd with 
other Colours, and conſequently are more lively than before, 
eſpecially the Green. Ihen follows the Yellow, ſome of 
Which towards the Green is diſtin& and good, but that Part 
towards the ſucceeding Red, as alſo that Red, is mix'd with 
the Violet and Blue of the fourth Order ; whereby various 
Degrees of Red, very much inclining to Purple, are com- 


44. Hence the Violet and Blue, which ſhould ſucceed and 
begin the fourth Series, being mix'd with and hidden in the 
Red of the third Order, there ſucceeds a Green, which at 
firſt is much inclined to Blue, but ſoon becomes a good Green, 
being the only unmix'd and lively Colour of this fourth Or- 
der: For as it verges towards the Yellow, it begins to inter- 
fere with the Colours of the fifth Series, by whoſe Mixture 
the ſucceeding Yellow and Red are very much diluted and 
made dirty, eſpecially the Yellow, which being the weaker 
Colour is ſcarce able to ſhew itſclt; ſo that this Order con- 
Gits of Green and Red only. . | 

leur, 
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lour. (5.) When all Sorts of Rays are equally 
reflected from Bodies, thoſe Bodies appear whzte, 


45. After this, by paſſing the Edgepf the Ruler along pa- fee Ct cs fes. 
rallel to A H, it will cut the Colours of the ſecond, third, 2 
and fourth Series at once; which will ſhew thoſe Colours be- 5 
come more and more intermix'd, till after three or four more 
Revolutions (in which the Red and Blue predominate by turns, 
making the fiſth, ſixth, and ſeventh Rings) all Sorts of Colours 
are in all Places pretty equally mix d, and compound an even 
Whiteneſs. Thus the Line xy paſling through the Red of 
the 7th Series, the Yellow and Green of the Sth, the Blue 
of the gth, and the Purple of the 1oth, ſhews Whiteneſs at 
the Thickneſs Ax or H4 muſt neceſſarily reſult from the 
Mixture of ſo many original Colours. 

46. Since (by Art. 20, 21.) the Rays of one Colour are 
tranſmitted where thoſe of another Colour are reflected, the 
Reaſon of the colour'd Rings made by tranſmitted Light is 
from hence manifeſt ; becauſe what has been ſaid with reſpect 
to the Colours made by Reflection from the Spaces 1 L, 5 O, 
9g, &c. is equally applicable to account for the Colours made 
by Refraction through the Spaces AT, 3M, P. 118, &c. 

47. Not only the Order and Species, but alſo the preciſe 
Thickneſs of the Plate at which any of thoſe Colours are ex- 
hibited in Parts of an Inch, may be obtain'd as follows. Since 
(by Art. 14, 15, and 23.) we have the Thickneſs of the Plate 
where Yellow Light is reflected already meaſured, wiz. F/ Pl. XLI. 
mers, Fm = Ty, Fn = oss, Fo = ers, Oc. Fig. 2. 

1er = ©,0000056, or 56 Parts of Tea Million 
of an Inch ; if the Scale of equal Parts be conſtructed ſuch 
of which F/ = 56, it is plain any other Thickneſs of Air 
may be immediately meaſured therean by means of a Pair of 
Compaſſes, or by a parallel Ruler. Thus Gw=0,0000254 ; 
A2=0,0000040; HK = 0,0000065; AG = 0,00001 19; 
HN = 0,0000194. And thus any other Thickneſs fog any 
propoſed Colour or Series is evident almoſt by Inſpection, to 
the Ten Millionth Part of an Inch. 

48. Since by Ars. 19. it appears, that the Thickneſſes of 
Air and Water, exhibiting the ſame Colour, are as 4 to 3 ; if 
the Thickneſſes in Air are known for the ED Puke you'll 
have the Thickneſs of the Bubble of courſe where the ſeve- 
ral Colours appear ; and thus the Table in Art. 27. was wade. #86406 3-0 
Alſo hence the Thickneſſes of thin Plates of Glaſs producing | 
the Rings of Colours will be known, being tothoſe of Air as 4 3. 
20 to 31, wit, in the Proportion of the Sines of Incidence 


N 3 or 
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or of the Colour of the Sun's Light. (6.) Where 
there is no Light at all incident on Bodies, thoſe 
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„ to Refrattion out of Glaſs into Air for Fellow Light; and 
wik .* the Difference of the Proportion of the Sines for the other 
* \ Rays is not conſiderable. 

- tv, 49. Theſe are the Meaſures nearly, which Sir Jſaac has 
expreſs d in the following Table, where the Numbers are fo 
many Millionth Parts of an Inch for. the Thickneſſes of the 
Plates of Air, Water, and Glaſs, which exhibit the various 
Colours of the ſeveral Orders. 

Air. Water. Glaſs. 
Very Black, 4 Fra 


| Black, I 14 17 
Coouns of de] White e 
Firſt Order. Yellow, M > T&F 
Orange, 8 6 53 
ed, 9 61 57 
Violet, Ir 
Indigo, 1a 91 Sr 
8 14 104 0. 
reen, inn 
Of the Second Order. Yellow, 16 12h — 
Orange, 172 13 115 
Bright Red, 18 13} u 
Scarlet, 191 144 124 
# Purple, 20 154 134 
Indigo, 2275 107 14% 
Blue, 233 174 1578 
Of the Third Order. 4 Green, 254 1875 165 
. 3d Yellow, 27% 20} 17 
Red, 29 214 18 
Blueiſh Red, 32 24 207 
Green, 352 26% 224 
Of the Fourth Order. ] Blue, 4% 304 26 
Greeniſh Blue, 46 344 294 
ROE 1 RC Blue, $84 44 38 
. . _ 5 Ont Ted, bo 483 4 


; Greeniſh Blue, 71 
as ed Order ; Ruddy Wiite, 77 57% 497 
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Bodies can have no Colour, which is a Property 
of the Rays of Light only (CXXII). | 


zo. Theſe are the principal Phænomena of thin Plates or 
Bubbles, which follow from the Properties of Light by a 
mathematical Way of Reaſoning; whence it follows, * that 
the colorific Diſpoſition of Rays is connate with them, and 
immutable, there being always a conſtant Relation between 
Colours and the Refrangibility and Reflexibility of the Rays. 
In this reſpe& the Science of Colours becomes a Speculation 
23 truly Mathematical as any other Part of Optics ; and con- 
fits of two Parts, one Theoretical, which delivers the Proper- 
ties of Light, and the Principles on which the various Phæ- 
nomena of Colours depend. 'This Part we have hitherto been 
treating of: The other is Practical, and conſiſts in applying 
theſe Principles to account for the permanent Colours of Na- 
tural Bodies ; to which we ſhall now proceed in the following 
Note. 


(CXXIT) 1, As I here intend to deliver the whole Nute. 
nian Doctrine of Colours, it will be neceſſary to begin and 
proceed with the Definitions and Precautions which Sir {/aac 
Newton himſelf has made uſe of, and which are as follows. 

2, His general Poſition is, That if the Sun's Light confitid 
Put of one Sort of Rays, there would be but one Colour in the 
whole World ; ner would it be poſſible to produce any new Colour 
by Reflections and Refradtions ; and by Conſequence that the Va- 
riety of Colours depends upon the Compoſition of Light. All which 
i evident from the Subject of the foregoing Annotations on 
the Properties and Phanomena of Light by Reflection and 
Refraction. 

3. His Definition of Light is as follows: The Light whoſe 
Rays are all alike refrangible he calls Simple, Homogeneal, and 
Similar; and that whoſe Rays are ſome more refrangible than 
others he calls Compound, Heterogeneal, and Diſſimilar. 

4. The Colours of Homogeneal Lights he calls Primary, Ho- 
mogeneal, and Simple; and thoſe of Heterogeneal Lights he calls 
Heterogeneal and Compound, becauſe theſe are all compounded 
of the Colours of Homogeneal Lights ; as hath been in part 
already, and will he farther ſhewn in the Sequel of this Auno- 
tation. | 


5. The Homogeneal Light and Rays which appear Red, 
or rather make Gbjects appear ſo, he calls Rubrific or Red- 
naking Rays; thoſe which give Objects a Yellow, Green, Blue, 
or Violet Colour, he calls How-making, Green-making, Blue- 
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LeT BNFG be a ſpherical Drop of falling 


Rain, and AN a Ray of the Sun falling upon 
it in the Point N, which Ray ſuppoſe re- 
fracted to F, from thence reflected to G, and 
there again refracted in the Direction GR to the 


making, Violet-mating Rays; and fo of the reſt. And there- 
fore whenever he ipea'rs of Light and Rays as colour'd, or 
endued with Colours, he would be underſtood to ſpeak not 
philoſophically and properly, but grefs!y, and according to 
the vulgar Notion of Common People. 

6. For the Rays, to ſpeak properly, are not colour'd; in 
them there is nothing but a certain Diſpoſition and Power 1p 
excite a Senſation of this or that Colour. For as Sound in a 
Bell or muſical String is nothing but a tremulous Motion, and 
in the Air nothing but that Motion propagated from the Ob- 
ject in aerial Undulations ; and in the Senſorium tis a Senſe 
of Motion under the Notion of Sound : So Colours in the 
Object are nothing but a Diſpoſition to reflect this or that 
Sart of Rays more copiouſly than the reſt ; in the Rays they 
are nothing but their Diſpolition to propagate this or that 
Motion to the Sen/orium by the Optic Nerve; and in the 
Senſerium they are Senſations or Ideas of thoſe Motions under 
the Forms or Notipns of Colours. 

7. Every Ray of Light in its Paſſage through any refract- 
ing Surface is put into a certain tranſient Conſtitution or State, 
which in the Progreſs of the Ray returns at equal Intervals, 
and diſpoſes the Ray at every Return to be eafily tranſmitted 
through the next refrafting Surface, and between the Returns 
to be eaſily reflected by it. This is manifeſt from Art. 21, 22, 
of. the laſt Notre. Theſe Returns of the Diſpoſition of any 
Ray to be reflected he calls its Fits of eaſy R. faction, and 
thoſe of its Diſpoſition to be tranſmitted its 2 of eaſy Tr — 
miſſim; and the Space it paſſes between every Return he 
the Interval of the Fits. Her 

8. This Alternation of its Fits depends pn both the Sur- 
face: of every thin Plate or Particle, becauſe it depends on its 
Thickneſs; and alſo becauſe, if either Surface be wetted, the 
Colours cauſed both by Reflection and RefigRion grow faint, 
which ſhews it to be affected at both. It is therefore per- 
form'd at the ſecond Surface, for if it were perform'd at the 
firſt, it couid not depend on the ſecond ; and it is influenced 
by ſome Action or Diſpoſition propagated from the firſt to the 


Eye 
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Eye of a Spectator; and ler I G be perpendicular 
to the Point G : Then will the Beam, by its Re- 
fraction at G, be ſeparated into its ſeveral Sorts 
of Rays, which will paint their reſpective Co- 
ours in that Part of the Drop; of which that 


ſecond, becauſe otherwiſe at the ſecond it could not depend 
on the firſt. 

9. This Action or Diſpoſition, in its Propagation, inter- 
mits and returns at different Intervals in different Sorts of 
Rays, emerging in equal Angles out of any reftacting Sur- 
face into the Le Medium. Thus in the Experiment of 
Art. 20. and 21. of the laſt Annotation, tis plain, the Violet 
Ray being in a Fit of eaſy Tranſmiſſion at its Incidence on 
the Plate of Air, was again in that Fit at the fartheſt Surface, 
in paſſing through a leſs Space than that which the Red paſs'd 
through in the Interval of its Fits; for thoſe Spaces were as 
the Thickneſfes of the Glaſſes Fand conſequently the Inter-+ l. , H writ 
vals of theſe Fits were as the Numbers 63, 68, 71, 76, 824, 63 . lee? 
881, 924, too, for the Rays reſpectively from Violet to Red. 
de Ar. 33. of the ia Aten . 63e bun 

10. Hence when a Ray of Light falls upon the Surface þ y14 6.50 &* - 
of a Body, if it be in a Fit of eaſy Reſlechon, it ſhall be'f 
reflected; if in a Fit of eaſy Tranſmiſſion, it ſhall be tranſ- 
mitted ; and thus all thick tranſparent Subſtances are found to 
reflect one Part of the Light which is incident upon them, 
and to refract the reſt. | 

11, The leaft Parts of almoſt all Natural Bodies are in ſome 
meaſure tranſparent, This is well known to thoſe who are 
conyerſapt in Experiments with the Common and Solar Mi- 
croſcopes: As alſo by the Solution of denſe and opake Bo- 
dies in Menſtruums ; for then their Particles being ſo minute- 
ly divided become tranſparent. And therefore, conſidering 
the inconceivable Smallneſs of the Particles of Light, even 
in compariſon of the ſmalleſt Parts of Natural Bodies, we 
may conceive them as always incident on the Surface of tranſ- 
parent Subſtances. | | | | 

12. I have obſerved (briefly) before, that thoſe Superficies 
of tranſparent hodies refle& the greateſt Quantity of Light, 
which have the greateſt refracting Power. Thus Glaſs pro- 
duces a total Refleion of Light at a leſs Angle of Incidence 
on the Air than Water; for in Glas that Angle is but 40* 10%, 
but in Water it is 487 35'. Thus alfo Diamond, whoſe re- 
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next the Perpendicular 1G will be red, as being 
leaſt refracted, and the reſt in Order above ir, 
Now it is found by Computation, that the greateſt 
Angle SeQ, or EO P, (drawing OP parallel to 
SE) under which the moſt refrangible Rays an 


fractire Power to that of Glaſs is as 34 to 26 nearly, is found 

to reflect a much greater Quantity of Light than Glaſs. 
13. Hence tis obvious, there can be no Reflection at the 
Plate XLI. Confines of equally refracting Mediums. For let HI be: 
Fig. 3. ſingle Ray of Light paſſing out of a denſer Medium A C into 
a rarer DE; in this Caſe there will be a certain Limit or An- 
gle of Incidence HIK, in which, the Ray will be reflected 
into IG, If the Medium AC be ſuppoſed to have its Den- 
ſity decreaſing, then the Limit or Angle HI K will be con- 
tinually increaſing ; or, which is all one, the Ray HI mut 
2 buave à greater Obliquity than HI K that it may be reflected. 
1 Therefore when the Denſity of the Medium AC becomes 
„ 220 equal to that of DE, the Angle H IK will become equal to 
ad DIR; and fo no Ray inclined to the Perpendicular K I an 
1 ln that Caſe poſſibly be reflected. 4 
14. Hence the Reaſon why uniform pellucid Mediums, 2 
Water, Glaſs, Cryſtal, Ic. have no ſenſible Reflection but in 
their external Superhcies, where they are adjacent to other 
Mediums of different Denſities, is becauſe all their continuous 

Parts have one and the ſame Degree of Denſity. 

15. Hence alſo it is, that ſince in common Subſtances there 
are many Spaces, Pores, or Interftices, either empty or re- 
pleniſh'd with Mediums of other Denſities, various Reflections 
muſt be made in the Confines of theſe differently refracting 
Mediums; and thus the Bodies become variouſly colobr'd 
5 in different Degrees. As for Example, Water between 

tinging Corpuſcles wherewith Liquor is impregnated; 
Air between the aqueous Globules which conſtitute the Clouds 
or Miſt ; and Water, Air, and perhaps other ſubtil Media be- 
tween the Parts of ſolid Bodies, give them their proper Co- 
lours and Degrees of Opacity, by a confuſed and promiſ- 
cuous Reflection and R on of Light. 2 
16. The Parts of Bodies and their Interſtices muſt not be 
leſs than of ſome definite Bigneſs to render them opake and 
colour'd: For, as was ſaid before, the opakeſt Bodies, if 
their Parts be ſafficiently attenuated by Solution, became tran 
parent. Thus the Top of the Water. Bubble being very tis 
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ander which the leaſt refrangible Rays come to 
the Eye at O, is 42 Deg. 2 Minutes, And fo 
all the Particles of Water within the Difference 


made no ſenſihle Reflection, and therefore exhibited; no Co- 
ours; but, tranſmitting the Light, appear d black. Hence 
it is that Water, Salt, Glaſs, Stones, Ac. having their Parts 
and Interſtices too ſmall to cauſe Reflections, become tranſ- 
parent and colourJeſs. LOO O64 
17. The tranſparent Parts of Bodies, according to their 
ſeveral Sizes, refle&t Rays of one Colour, and tranſmit thoſe 
of another, on the ſame Grounds that thin Plates or Bubbles 
dd the ſame ; and this is undoubtedly the Ground and Reaſon 
ef all their Colour. For if ſuch a thin Plate ſhould be broke 
into ſeveral Fragments, or ſlit into Threads of the ſame Thick+ 
neſs, they would all appear of the ſame Colour; and by con- 
ſequence, an Heap of thoſe Threads or Fragments would 
conſtitute a Maſs or Powder of. the ſame Colour the Plate ex- 
hibited before it was broken; and the Parts of all Natural 
Bodies, being like ſo many Fragments of a Plate, muſt on 
the ſame Grounds exhibit the ſame Colours. > oo 
18. And that they do ſo will appear by the Affinity of 
their Properties. The finely-colour'd Feathers of ſome Birds, 
as of Peacocks Tails, do in the very. ſame Part of the Fea- 
ther appear of ſeveral Colours in ſeveral Poſitions of the Eye, 
in the ſame manner that thin Plates were found to do in 4-- 
ticles 16. and 26. of the laſt Annotation ; and therefore their 
Colours ariſe from the thin tranſparent Parts of the Feathers, 
that is, from the Tenuity of the very fine Hairs or Capilla- 
nenta, which grow out of the Sides of the groſſer Parts or 
lateral Branches of thoſe Feathers. a 
19. And hence it is, that the Webs of ſome Spiders being 
ſpun very fine have appear d colour'd ; and that the colour'd 
Fibres of ſome Silks, by varying the Poſition of the Eye, 
do vary 170 Colours. NN * * 
20. Another Circumſtance in which they agree is, . 
Colours of Silks, Cloaths, and other Lab dans, which Wa- 
ter or Oil can intimately penetrate, become more faint and 
Obſcure by being immerſed into thoſe Liquors, and recover 
their Vigour and Vivacity again by being dried, in the ſame 
manner as was obſeryed of thin Bodies in 47. 19. and 30. 
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come to the Eye of a Spectator at O, is 40 Deg. = L, 
/ Minutes; and that the greateſt Angle FOP, 83 
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of thole two Angles E F will exhibit leverally 


the various Colours of the Priſm, and conſtitute 
the interior Bow in the Cloud. 

Ir the Beam go not out of the Drop at G, but 
is reflected (a ſecond time) to H, and is there 


of the laſt Annotation. 

21. A third Circumftance, in which Natural Bodies agree 
in their colorific Quality with thin Plates, is, that they reſſect 
one Colour and tranſmit another. Thus Leaf-Gold looks 
Yellow by reflected Light, and of a blueiſh Green by the 
tranſmitted Light. Alſo an Infuſion of Lignum N:phriticm 
reflefts the Blue and Indigo Rays, and therefore by Keſſection 
appears of a deep Mazarine Blue; whereas by refradted 
Light it appears of a deep Red. And the ſame Thing is 
obſervable in ſeveral Sorts of painted Glaſſes. . 

22. Again; as thin Plates and Bubbles exhibit different 
Colours in different Thickneſſes, fo the Parts of Natural Bo- 
dies are obſerved to undergo a Change of Colour in ſome De- 
Fre from Trituration, and a Comminution of their Parts. 

hus ſome Powders which Painters uſe, by being elaborately 
and finely ground, have their Colours a little changed, Thus 
Mercury by ſeveral Chymical Operations has its Parts ſo al- 
ter'd as to look Red in one Caſe, Yellow in another, and 
White in a third. Thus Copper in the Maſs appears Red, 
but having its Parts attenuated by Solution in acid Mediums 
appears intenſely Blue. Hence the Production and Changes 
of Colours by the various Mixture of tranſparent Liquors. 
Thus Clouds receive their different compound and beautiful 
Hues and Tints from the different Sizes of the aqueous Glo- 
bules of which they conſiſt. 5 

23. The Sizes of the Particles of Bodies, on which their 
Colours depend, are indicated by thoſe Colours : Thus the 
leaſt Particles of Light exhibit the Y5:ler-Colcur, and the leaſ 
Thickneſs of the Plate of Air or Water exhibited the fame 
Colour in the ſeveral Rings. Again: The largeſt Particles of 
Light exhibit a Red Colour, and Red is produced by Reflection 
and Refraction in the thickeſt Part of the Plate in each Ring; 
And the intermediate Colours, Blue, Green, Yellow, are pro- 
duced from Particles of a larger Size in Order. : 

24. The Magnitude of the Particles of colour'd Bodies 
may be pretty nearly conjectur d by the Colours they exh/bit: 
For ti pretty certain they exhibit the fame Colours with the 
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refracted in the Direction H 8, making the An- 
ge SY A with the ifeident Ray AN, it will 
paint on the Part H the ſeveral Colours of Light, 
but in an inverſe Order to the former, and more 
faint, by reaſon of the Rays loſt by the ſecond 


Plate of equal Thickneſs, provided they have the ſame re- 
ſtactire Denſity ; and ſince their Parts ſeem for the moſt part 
to have much the ſame Denſity with Water or Glaſs, as by 
many Circumſlances,js obvious to collect, we need only have 
Recourſe to the Tae or Scale (in 4rt. 47, 48, 49. of the 
laſt Annotation) by which the Thickneſs of Water or Glaſs 
exhibiting the ſame Colour is ſhewn. 

25. Thus if it be deſired to know the Diameter of a Cor- 
puſcle, which being of equal Denſity with Glaſs ſhall reflect 


Green of the third Order; then in the ſaid Table you ſee - 


under Gloſs, and oppoſite to Green of that Order, the Num- 
ie 16{, which ſhews the Corpuſcle to be ere Parts of 


OCOOOO 


an Inch. But here the Difficulty is to know of what Order cv 


the Colour of any Body is : Byt for this Purpoſe we may be 
afiſted by viewing the Scheme of the ſeveral Orders of Co- 
lours ; and by laying the parallel Ruler acroſs them ſeverally, 
you will obſerve thoſe which are leaſt compounded with 


tenſe, 


26. Thus Scarlets, and other Reds, Oranges, and Yellows, 7 Par wid 1 


if they appear pure and intenſe, you may conclude they are 
of the Second Order. Good Greens may be of the Fourth 
Order, but the beſt are of the Third. Blues and Purples may 
be of the Second or Third Order, but the beſt and leaſt 
compounded are of the Third. I biteneſi, if moſt intenſe and 
luninous, is that of the Firſt Order; if leſs ſtrong and bright, 
2 from the Mixture of the Colours of ſeveral 


ers. 


27. The Reds therefore of Carmine, Cinnabar, Vermi- 


lon, of ſome Roſes, Pinks, Peonies, &c. are of the Second 
Order, The Green of all Vegetables is of the Third Order 
Ultramarine is a Blue of the Third Order, Biſe a Blue of the 
Second Order, and the Azure Colour of the Sky ſeems to 


be of the Firſt Order. Gold is a Yellow of the Second Or- 


cer, The Whiteneſs of Paper, Linen, Froth, Snow, Sil- 
der, Sc. is of the Firſt Order. Concerning all which ſee 
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Reflection. It has been found alſo, that the le 
Angle SGO, or GOP, under which the le 


refrangible Rays can come to the Eye at O, after 
two Reflections and two Refractions, is 50 Deg, 


more in Sit Iſaac Newton's Optics, p. 230—237. 

28. It has been obſerved, (See Art. 41. of the laſt Ana- 
tion) that Whitene/s ariſes from a promiſcuous Reflection of 
all the Colours together ; and this is proved by ſeveral Expe- 
riments. Thus the Colour of the Sun's Light is White in- 
clining a little to Yellow; as being a poſition of all the 
different colour'd Rays, among which Yellow being the 
brighteſt is moſt predominant. Thus alſo the Rays when (e- 

ted by a Priſm, if received by a broad convex Lens of 2 

focal Diſtance, will all be thrown ther in a ſmall 

— — 0 — Focus, and a r of a white Colour. 

us allo a Powder compounded o iment, Purple, Biſe 

and Verdigreaſe, in proper e appear d of a per- 
fet Whiteneſs in the Beams of. the Sun. 

29. But the moſt curious Experiment for Proof of this is 
as follows. Let any circular Area be divided on its Periphe- 


ry into ſuch Parts AB, BC, CD, DE; EF, FG, and G4, 


as are proportional to the * Lengths of the 
5 5 ve, or t Numbers Is 1. J, Jo 
„, 35 1; then ftriking a Circle abc defy at a ſmall Diſtance 
the Periphery, the ſeveral Diviſions of this Au or 
Ring are to be laid over with the primary Colours proper to 
each, that is, Red from A to B, Oran from B to C, ard 
the reſt in Order as they are wrote in the Figure. Then 
making all the internal Space very black; let this Area wit! 
its painted Ring be whirl'd or ſpun round in the manner of 4 
Top, and the Ring will a very white, eſpecially in the 
Sun-Beams : For in this Caſe all the Colours afe blended to. 
in the View; and muſt therefore exhibit Whiteneſs. 
30. On the other hand, Blackne/3 the Abſence of all Co, 
lours ; for it was obſerved, that in the Middle or Center of 
the Rings of Colours, both in the Plates of Air and Water, 
there was a black Spot, which was occaſion'd by a Tranſmil- 
ſion of all the Light in that Part; and conſequently by 2 lo. 
tal Deficiency of Colour. i RE 
31. But this happen'd in that Part of the Plate of A., 
and Water- Bubble, where it was thinneſt ; and hence we ae 
taught that the Corpuſcles of black Bodies are leſs than 3") 
of thoſe which exhibit Colours, Hence we fee the Reales 
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;7 Minutes; and the leaſt Angle HOP, under 
which the moſt refrangible Rays can come to the 
Eye in this Caſe, is 54 Deg. 7 Minutes. Whence 
all the Colours of the exterior Bow will be form'd 


why Fire, and the more ſubtil Diſſolver Putrefaction, by at- 
tenuating the Particles of Bodies turn them black: Why a | 
Razor, while ſetting, turns the Oil upon the Hone black : | 
Why a ſmall Quantity of a black Subſtance will tinge ſo 
a Quantity of any other ſo intenſely : Why black Subſtances 
ſooneſt of all others do become hot in the Sun's Light and 
bum: Why being ſoft, and ſtroked hard with the Hand, they 
ſcintillate, or emit Sparks of Light in the dark: Why a 
black Cloth will, if wet, dry ſooner than a white one: Why 
moſt Blacks are a little inclined to a blueiſh Colour: With 
various other Phænomena of this Kind. 
32, From what has been faid; the Newtonian Method of 
compounding and decompounding Colours may be eaſily un- 
derſtood, if we only firſt premiſe, that the Colour reſulting | 
from a Mixture of any primary Colours is an Effect in which | 
each primary Colour has a Share in Proportion to its Quanti- c 
ty; therefore this compound Colour is analogous to the Com- 
mon Center of Gravity between two Powers acting againſt each 
other: For as this Center of Gravity will always be neareſt | 
to the greateſt Power, ſo the Hue of the compound Colour 
will always approach neareſt the Complexion of that primary 
Colour which was largeſt in the Mixture. 
33- Therefore to know what Colour will reſult from a 
Mixture of two Parts Yellow, and three Parts Blue; from 
the Middle of the Yellow Arch at H to the Middle of the 
Blue at I draw the Line I I. and divide it into five equal 
Parts, three of which ſet from the Point H, or two from the 
Point I, will give the Point K, through - which if you draw 
the Line NL, it will point out the Colour of the Mixture at 
L, which is Green; but becauſe the Point L is ſo much nearer 
the Blue than the Yellow, it will be a blueiſh Green. 
34 Again: If it be required to know what Colour the 
Mixture ſhall be of that has two Parts Yellow, three of Blue, 
and five of Red; then ſince we have already determined the 
Point K for the two firſt Quantities, which are five Parts ; al- 
lo fince there are five Parts of Red, if we draw the Line MK, 
and divide it into two equal Parts in P, and through P draw 
the Line NO, this, as it falls upon the Orange, but near 
the Red, ſhews the Compound will be of an Orange Colour 
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in the Drops from G to H, which is the Breadth 
of this Bow, viz. 3 Deg. 10 Minutes; wherezs 
the Breadth of the other, viz. E F, is but 1 Deg, 
45 Minutes, and the Diſtance between the Bows, 


inclining to Red. And thus you proceed in other Caſes. 

335. It muſt be farther .obſe-v'd, that the Colour will be 
leſs or more broken or imperfect as the Point of Interſection 
K or P falls nearer to or farther from the Circumference to- 
wards the, Center N, where White is repreſented : That is, 
the farther the Point K is fituated from L towards N, the leſs 
Pure and intenſe, or the. more broken and mottley, the Green 
Colour will be. 


36. Hence, if it be required to find (an the other hand) 


what Colours muſt be taken, and in what Quantity, to exhi- 
bit by their Mixture the broken blueiſh Green at K, let the 
Line HI be any how drawn through K, and it will ſhew 
that if you take ſuch Quantities of Yellow and Blue as are 
in Proportion to IK and K L, they will when mixed produce 
the given Green at K. Alſo the Line LN, paſſing throngh 
the ſame Point K; ſhews that a Quantity of pure Green and 
White, in the Proportion of NK, LK; will in the Mixture 
produce the ſame Green Tint at K as required. 

37. What has been ſaid relates to Theory, and to the Co- 
lours of the Sun's Light; and therefore in Practice we muſt 
not expect ſo great Accuracy on ſeveral Accounts; as, (1) Be- 
cauſe the Powders made uſe of in artificial Mixtures have 
different Powers of reflecting — Thus lighter Materials 
reflect more, and darker ones leis; and therefore their Quan- 
tities muſt be in Proportion. (2) Different Bodies; being 
mix'd, operate upon each other ; and thereby, either by at- 
tenuating the Parts, or by incraſſating them, produce Colours 
7 erent from what we might expect from a Mixture of 
ies or Particles which do not affect or act one upon ano- 
ther. (3.) Becauſe all artificial Colours are in themſelves 
more or leſs compounded, and therefore cannot produce the 
Effects of pure, unmix'd, and primary Colours. Yet not- 
withſtanding theſe Exceptions, this Theory, when well con- 
* underſtood, will be of the greateſt Service to 

ters. 

38. Laſtly, I ſhall apply this Theory to explain and ac 
count for ſeveral other Phænomena of Colours. I hus in ex- 
amining Mineral Waters, it is uſual, in order to diſcover whe- 
ther the Salts contain d in them are of an Acid, Alcaline, ® 

F , 


1 


SFF C ZARA 88g Ei FSB 


8 
n 


EE SSS FSP F FZZ 


Of Lionr and Colours. 


vw. FG, is 8 Deg. 55 Minutes. And ſuch 
would be the Meaſures of the Bows, were. the 
Sun but a Point; but ſince his Body ſubtends an 
Angle of half a Degree, it is evident, by ſo 


Natral Sort, to mix Syrup of Yiolets with them; becauſe then, 
if there be an Acid, it will change the Syrup Red by atte- 
nuating its Parts; ſo that if the Syrup be a Purple of the 
Third Order, the Acid will change it to a Red of the Second 
Order, the Particles which refle& that Colour being of the 
Se next leſs. : | 
39 Again: If an Alcali abound in the Water, the Mix- 
ture will turn Green; for the Alcali by incraſſating the Par- 
ticles will increaſe their Size to thoſe of the Green of the 
Third Order; therefore the Syrup; and conſequently the Mix- 
ture, will appear of that Colour. But if there be neither 
an Acid not an Alcali in the Water, it will neither turn Green 
nor Red. 8 
Bs Hence alſo it is, * the Fume * 
pour of a ſtrong Acid, as Aqua fortis, reaches a | 
Cloth, it changes to a Blue, 22 in the ſame Order 
teſults from the next leſs Size of Particles. If the Acid be 
dropp'd on the Cloth in Subſtance, it acts more violently in, 
atenuating the Particles, and thereby produces a Yellow of 
the next preceding Ordet, whoſe Particles are lefs than the 
aforeſaid Blue. And after a like Manner may this Theory 
— to account for other Phænomena of the ſame 


41. To conclude: Since any Object becomes viſible when 
it ſubtends an Angle of one Minute, and alſo becauſe Objefts 
ue diſtinctiy view'd in the Focus of a Lens; therefore ſup- 
poling the Focus of a Lens were 4; of an Inch, (as they 
tave been made thus ſmall) it will be found by Calculation, 
that an Object in the Focus of ſuch a Lens, ſubtending an 
Angle of one Minute, will be equal to 0,0000097 Parts of 
an Inch in Length. Therefore the Diameter of a Particle 
left than the Diameter of any colour'd Particle (except thoſe 
of the Firſt Order) will be viſible in the Focus of ſuch a Lens: 
And therefore the Particles of all colour'd Bodies would be- 
tome viſible by ſach 4 Lens, were it not that Particles equally 
thick appeat of tht ſame Colour, and all ſo very ſmall are 
tranſparent j whence, though they are big enough to be viſi- 

„yet we may want a Difference of Colour, and ſome 
ter Means, to render them diſtin, and capable of being 
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plain and undertiand the natural Cauſe of the Rainboww, which 
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Fig. 2. 
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much each Bow will be increaſed, and their Di- 
ſtance diminiſh*d (CXXIII). 
| A4 


view'd ſeparately from each other. Sir //aac Nuten thinks 
the Diſcovery of thoſe Corpuſcles by the Microſcope will be 
the utmoſt Improvement of tais Science: For it ſeems im- 
poſſible to ſee the more ſecret and noble Works of Nature 
within the Corpuſcles, by reaſon of their Tranſparency. 


(CXXIHI) 1. Having explain'd the Doctrine of the dif. 
ferent Refrangibility of the Rays of Light, and the Theory 
C leurs conſequent thereupon, it will now be eaſy to ex- 


is wholly owing to the above-mention'd Property of Light. 
For though it was, by long Obſervation, known to proceed 
from the Sun's ſhining upon the falling Drops of Rain ; and 
even before Sir aac Newton's Time it was diſcover'd to be 
the Effect of the Sun's Light ſeveral times refracted and re- 
flected in the aqueous Globules ; firſt of all by Antonius de Do- 
minis, Archbiſhop of Spalato, in a Book publiſh'd in the Year 
1611, and after him by D.ſcartes: Vet no one could ever 
account for the Diverſity of Colours, and their inverſe Order 
in the two Bows, or give a direct Method of Calculation, be- 
fore Sir Jaac Newton. 

2. To apprehend rightly the different Affections of this 
remarkable Phænomenon, we muſt attend to the following 
Particulars. Firf, That though each Bow be occaſion ' d by 
the refracted and reflected Light of the Sun falling on the 
Drops of Rain, yet neither of them is produced by any Rays 
falling on any Part of the Drop indifferently, but by thoſe 
only which fall on the Surface of the Drop BLQG in or 
about the Point N, as the Ray AN; thoſe which fall nearer 
to B, or farther towards L, being unconcern'd in this Pro- 
duct ion. : 

3. Secondly, The internal Bow is produced by two Refra- 
ctions and one Reflection. The firſt Reſraction is of the in- 
cident Rays extremely near AN, by which they proceed from 
N to one common Point or Focus at F, from whence they 
are reflected to G, and are there a ſecond time refracted to- 
wards R, and produce the various Colours of the ſaid Bow. 
4. Thirdly, There is a Neceflity that ſeveral Rays ſhould 
be refracted together to the Point F, | that being reflected 
together from thence to G they may there go out parallel, 
and ſo come in Quantity ſufficient to excite the Senſation of 
d Or pri 1s | Ha Lo's 
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Haro's are form'd by Rays of Light coming 
to the Eye after two Reftactions through Drops 


Colours in a ſtrong and lively Manner. Now thoſe Rays, 
and thoſe only, which are incident on the Globule about the 
Point N, can do this, as will appear from what follows : For, 

5. Fourthly, The Point F makes the Arch QF a Maximum, 
ot the Diſtance QF from the Axis of the Drop SQ is greater 
than any other Diſtance from whence any other Rays nearer 
to the Axis, as SD, SE, or farther from it, as SH, SI, are 
refleted ; becauſe thoſe which are nearer after the firſt Re- 
fraction tend to Points in the Axis produced more remote 
than that to which the Ray SN tends; and therefore as their- 
Diſtance from the Axis increaſes, ſo likewiſe will the Diſtances 
of their Points of Reflection QP, QO, till the Ray becomes 
SN; after which the Rays more remote from the Axis, as 
SH, Sl, are refracted towards the Points XY, which are 
nearer and neartr to the Axis; and this occaſions the Points 
of Reflection on the fartheſt Side ot the Drop to decreaſe 
again from F towards Q. 

6. Fifthly, Henee it will neceſſarily happen, that ſome 
Rays above and below the Ray SN will fall upon the ſame 
Point, as O or P, on the fartheſt Side; and for that Reaſon 
they will be ſo reflected from thence as to go out of the Drop 
by RefraQtion parallel to each other. Thus let SE below, 
and SH above the Ray SN, be refracted both to one Point O; 
from hence they will be reflected to M and L, and will there 
emerge parallel, 'tis true, but alone; being diveſted of their 
intermediate Rays SN, which going to a different Point F 
will be reflected in a different Direction to G, and emerge on 
one Side, and not between thoſe Rays, as when they were 
incident on the Drop. All which is evident from the Figure. 

7. Sixth, As this will be the Caſe of all the Rays which 
are not indefinitely near to SN, it is plain, that being de- 


prived of the intermediate Rays, their Denſity will be fo far | 


ciminiſh'd, as to render them ineffectual for exciting the Sen- 
fation of Colours; and they are therefore call'd — 
Rays, in Contra. diſtinction to thoſe which enter the Drop 
near SN, and which, having the ſame Point F of Reflection, 


are not ſcatter'd like the others, but emerge together at G, 


{o as to conſtitutè a Beam GR of the ſame Venſity with the 


incident Beam 8 N, and therefore capable of exhibiting a vi- 


vid Appearance of Colours, and for this Reaſon are call'd 
Effcacious Rays. | \ 
| O 2 _ 
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of Rain, or ſpherical Hail-ſtones, which Light 
ought to be ſtrongeſt at the Diſtance of about 


8. Theſe Things premiſed, we ſhall now ſhew the Mathe- 


matical Principles on which the Calculations relating to thi 


Phenomenon depend, according to Dr. Halley's molt elegant 
and eaſy Conſtructions, a little explain'd and facilitated by 
Dr. Morgan, late Biſhop of Z. Let SN, 5, be two of 
the efficacious Rays incident upon a Drop of Rain; theſe 


© when refrafted to the ſame Point F, and thence reflected to 


G, g, will have the Parts within the Drop on one Side, NF, 
F, equal to thoſe on the other Side, FG, Fg, from the Na- 
ture of the Circle, and the Angles of Incidence CFN, CFx, 
being equal to the Angles of Reflection CFG, CFg. Since 
the Parts within the Drop are equal and alike ſituated, they 
will alſo be ſo with it; and therefore as the incident Rays 
SN, Ss, are ſuppoſed parallel, the emergent Rays GR, gr, 
will be fo too. 

9. From C the Center draw the Radii CN, Cs, CF; then 


d CNF = CFN the Angle of Refraction, and the ſmall 


Arch N is the naſcent Increment of the Angle of Incidence 
BCN; and as it meaſures the Angle at the Center N Ca, it 
is double of the Angle at the Circumference NF, which s 
the naſcent Increment of the Angle of Refraction NFC. 

10. Again: Let the Ray SN enter the lower Part of the 
Drop, and be twice reflected within the Drop at F and G; 
| 3s the Ray NF = the Ray FG, and the Arch NF = 
the Arch FG. Draw fg parallel to FG, and it will be 
e reflected Part of ſome 5n, Whoſe Obliquity to the 
Drop is ſuch as obliges it to croſs the Ray NF in its Re- 
fraction, as it muſt do if it be a little more oblique than SN, 


- (by 42.6.) Then alſo will the Part / = fg, and the Arch 


 =/p: and the ſmall Arch FF == Gg. 

11. Therefore, 2 Ff= (FFT Gg = the Arch FG— 
the Arch fy = the Arch NF — the Arch sf =) Nn— F: 
conſequently Nu = 3 Ff. That is, the naſcent Increment 
of the Angle of Incidence is equal to three times that of the 


Angle of Refraction. Aſter a like Manner you proceed to 


new, that after 3, 4, 5, &c. Reflections, the Increment of 

the Angle of Incidence will be 4, 5, 6, &c. times greater 

than that of the Angle of Refraction. 

12. Hence, in order to find the Angle of Incidence of an 
| | r of Reflections, we 

are to find an Angle whoſe naſcent Increment has the fame 


Ratio to the Increment of its correſponding Angle of Re- 
18 5 { 26 De- 
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26 Degrees from the Sun or Moon, or ſomewhat 
leſs, if the ſaid Hail-ſtones be a little flatted, as 


fraction, generated in tie ſame Time, as the given Number 
of kellections (v) increaſed by Unity has to Unity; that is, 
in the Ratio of » + 1 to 1. Now thoſe Increments are as 
the Tangents of the reſpective Angles directly; as is thus de- 
monſtrated. 


iz. Let ACD, ABD, be the Angles of Incidence and Re- Pl. XLII. 


fraction propoſed ; and if we ſuppole the Line AC to move 
about the Point A in the Plane of thoſe Angles, the Extre- 
mity thereof C will deſcribe the circular Arch Ce; and when 
AC is arrived to the Situation Ac, the Line BD will be there- 
by removed into the Situation Bd. Draw cD; then is the 
Angle ACD = ABC + CAB, and the Angle Acd= 
ABc+cAB. Wherefore the Exceſs of Acd above ACD, 
or the Increment of AC D, is equal to both the Angles CBS 
and CAc. But ſince the Angle AcC differs infinitely little 
from a Right one, a Circle deſcribed on the Diameter AC 
ſhall paſs through the Points D and c; and therefore the An- 
gles CAc, CDc, (inſiſting on the ſame Arch Ce of the ſaid 
Circle) will be equal. Wherefore the Increment of the An- 
gle A CD is equal to CBc C De = Ded. But the naſcent 
Angles Ded and D Be are as their Sines, that is, as their op- 
polite Sides B D and De = DC, becauſe of the Angle C Dc 
infinitely ſmall. But BD: CD:: DE: DA (the Line BE 
being parallel to AC) :: Tangent of the Angle (EBD=) 
ACD : Tangent of the Angle ABD. Therefore the In- 
crement Ded of the Angle AC D u to the Increment C 87 
of the Angle ABD (generated in the ſame Time) as the 
Tangent of the former to the T t of the latter directly. 
14. Hence, having given the Ratio of the Sine of Inci- 
dence I to the Sine of Refraction R, we may find the Angles 
of Incidence and Refraction of an efficacious Ray, after any 
given Number (>) of Reflections, thus: In any Right Line 
AC, let there be taken AC: AD::I: R; and : AC: 
AE::x+1:1. Upon the Diameter EC deſcribe the » 
micirccle EBC; and on the Center A with the Radius A, 
deſcribe the Arch DB, interſecting Circle in B. Draw 
AB and BC; then let fall the Perpendj AF on CB con- 
tmued out to F. So ſhall ABF and AC be the Angles of 
Incidence and Refraction required. | 
15. For drawing BE parallel to AF, the Triangles ACF 
and ECB are ſimilar. Now the Sine of the Angle ABC or 
ABF is to the Sine of ACB as ACto AB= AD, that is, 
O 3 often 
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often they are. Theſe Halo's, if the Hail be 
duly figur'd, will be colour'd, and muſt then ap- 


as IL to R; therefore if ABF be the Angle of Incidence, 
ACF will be the Angle of Refraction. Moreover, th: 
naſcent Increment of A F is to that of ACB (generated in 
the ſame Time) as CF to BF, (by 4-7. 13) that is, as CA 
to AE, (by fimilar Triangles) that is, as 2 + 1 to 1 by Con- 
ſtruct on. The Ratio therefore of the naſcent Increment of 
the Angle of Incidence AB F, to that of the Angle of Re- 
fraction A CB, is that which is required in the Angles of In- 
cidence and Refraction of an efficacious Ray, aſter a given 
Number of Reflections, (in Art. 12.) Conſequently the Au- 
gles A E F and ACF are thoſe required. . Z. D. 
16. From this Conltruftion we eaſily deduce Sir aac Mar- 
ton's Rule for finding the Ang'e of Incidence ABF in þ. 148, 
149. of his Oprics, thus. We had AC: AB:: I: R, whence 


482 K x AB. Alſo CF:BF::n+1: 1; therefore CF 


= #1 x BF, or (putting «+1 =m) CF =mxBF; 
and becauſe of the Right Angle at F, it is AC — CF. = 


AB*— Bs, that is, 2 AB*— „ FB* = AB*—BF:; 
and therefore 2 FB* — FB* = yy — AB* ; ard 


FB IT—RR 

cabal BY oo ART 

17. Hence, becauſe in the firſt Bow the Ray emerges after 
one Reflection, we have 1=1, = 2, mf = 4, m*i—1=3; 
therefore 73 RR: VII- RR AB: BF:: Radius: Co- 
Sine of the Angle of Incidence. In the ſecond Bow, where 
there are two Reflections, * — 1 = 8; whence / 8 RR: 
II- RR: AB: BF. In che third Bow, after three Re- 
flections, * — 1 2 15; and /ig RR: II- RR. 
AB: BF; and ſo as for any given Number of Reflections. 
- 418. To find the Values of I ard R, it muſt be remember d, 
that the Ratio of the Sines of Incidence and Refraction was 
ſhewn to be cquſtant, (in 4xnot. CXVII. 13.) and therefore 
their Exceſſes in divers Sorts of Mediums are alſo in a give? 
Ratio. Thus it was ſhews, that in the leaſt refrangible Rays 


I. K :: 50: 77,- out of Glaſs into Air ; the Exceſs of R above 


I is here 27. If the Refraftion be made out of Rain-Water 
pear 


o 
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pear red within by the leaſt refrangible Rays, and 
ue without by the moſt refrangible ones. 


into-Air, then it is I: R :: 3: 4 very nearly for the leaſt re- 
frangible Rays; ; the Exceſs here is 4 —3 = 1. Wherefore 
ſay, As 1: 27 3: 3:81 : 4: 108. Whence it appears, that 
the Sines and R out of Water into Air are as $1 to 108, in 
the leaſt refrangible Rays: And if to the leſſer Sine you add 
the given Differences between thoſe Sines out of Glaſs into 
Air for all the other Sorts of Rays, . 273, 274, 274, 272, 
272, 277, 28; we ſhall have the ſeveral Values of R for 
thoſe Rays, wiz. 1084, 1084, 108F, 108+, 1083, 1087, 109. 

19. But ſince the Refraction here is not out of Water into 
Air, but the contrary, we ſhall have the Values of I and R 
interchanged ; or they will and for the ſeveral Sorts of Rays 
as below. 


For the Red, I: R:: 108 : $1 Extreme. 
For the Orange, I: R:: 108; : 81 Beginning. 
For the Yellow, I: R:: 108? : 81 Beg. 

For the Green, I: R:: 1085: 21 Beg. 

For the Blue, I: R:: 1081 81 Beg. 

For the Indigo, I: R:: 1083: 81 Beg. 

For the Violet, I: Rz 1087: 81 Beg. 

For Violet, I: R;: 109 :81 Extreme. 


20. Wherefore in the leaſt refrangible Rays, fince I 108, 
II=11664 ; alſo R = 8;, and RR = 6561, and 1* —R* 

="5103; V3KR = 140,3, and VI —R* = . 1 
Therefore ſay, (by At. 12] 8 


As IRR =140,3 = 2,1445 
Is to VP —R*? = 7154 1 853913 
is Radius S go oo = 10,000000 


To the Co- Sine of the 8 
Angle of Incidence 8 BAF 230) $7 = 5.706868 
22. Hence the Angle of Incidence AB F is 59* 23/, in 
the Red or leaſt refrangible Rays. Wherefore in the Drop 
of Rain whoſe Axis is $Q, if we make the Arch BN = 
59" 23', we ſhall have SN the leaſt refravgible Ray. Ha- 
ving given the Angle of Incidence, and the Ratio of I to R, 
we have allo given the is x of Refrattion : For ſay, 
As I = 108 = 2,033424 
Is to R = 81 = 1,908485 
So is the Sine of Incidence 59 23' = 9,934798 


To the Sine of the Angle of Ref. 40* 12! = 9,809859 
4 I's 
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Tux Reaſon why there is always a determinate 
Angle for exhibiting the Bows, or Halo's, is be- 


22. Therefore, making the Angle CNF = 406* 12/, NF 
will be the refracted Ray; which at F is reflected into FG, 
and at G emerges m GR. Produce the incident and emer- 
gent Rays SN and RG till they interſect each other at X; 
and as CF biſects the Angle NFG, fo when produced it will 
biſet the Angle SXR. Then CFN = CXN +FNX, 
but FNX = ENX CNF or CFN ; therefore CFN = 
CXN + CNX — CFN; that is, 2CFN —CNX = 
CXN. Or 80 24 — 59? 23 = 21* 01 = CXN; there- 
fore 2CXN = 8XR = 42* Oo, which is the Meaſure of 
the Angle that the incident and emergent Rays, which are 
the leaſt refrangible, contain with each other. | 
23. If initead of the Ratio 108 to 81, we take that of 


109to 81, we ſhall find the Values of V RR and  1*—R* 
ſuch as will give the Angle of Incidence BCN, or the Arch 
N = 58* 400, and the Angle SXR = 40% 1%, which will 
the Caſe for the moſt gefrangible, or extreme Violet Rays. 
24. If the Ray be twice reflefed, wiz. at F and G, as 
in the Production of the exterior Bow, and emerges at H 
in the Direction H A interſecting the incident Ray SN in v; 
then we may find the Angle AYS, which thoſe Rays contain 
with each other, thys. oduce AH, till it meets G X pro- 
duced in R; then in the Triangle HG R, the external Angle 
HGX = HRG + GHR. But becauſe of equal Angles of 
Reflection at F and G, it is GHR = FGX; therefore 
HGX—FGX = HGF= HRG = 2CGFE or 2CNEF. 
And (n Art. 22.) we had S$XR= 4CNF — 2CNX; 
therefore in the Triangle V X R we have the two internal An- 
95 RTX —= 6CNF—2CNX = the external Angle at 
TR ATI x ; 
25. In this Caſe to find the Angles of Incidence and Re- 
fration, we have 78 RR V F—R* ;; Radius: the Co- 
Sine of the Angle vf Incidence; whence the ſaid Angle of 
Incidence will be found 71 „ = CNX. And as 108: 
81 ;: Sine of 91? 5o/:: Sine of 45* 27 = CNF the Angle 
of Reſraction; therefore 45* 271 6 — 2 x 71* 50 = 
129* 0 = AYN, and therefore its Complement AVS = 

$6* 58/ the Angle required, for the leaſt 2 Rays. 

26. But for the moſt reſrangible Rays, where I. R:: 109 
It, we have the Angle of Incidence 71“ 26/, and the Angle of 
Refraftion 44 47/ ; and therefore the Angle AYS= 54 10f. 
4 cauſe 
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cauſe there is but one particular Point N in all 


ſter this Manner you proceed to calculate the ſame Angles 
7 three, four, — more Refleftipns ; but becauſe the Beam 
in being ſo often reflected loſes ſo many of its Rays, that the 
remaining refracted Part is in general too faint to excite the 
Idea of Colours, we paſs it by, and proceed to apply what 
has been ſaid to account for the Phenomena of the Bows, 
which ſo ftrongly ſtrike the Eye; the principal whereof here 
follow. | 
27. The Firſt is, That each is ariegated with all the Priſ- 
matic Colours. This is a neceſlary Conſequence of the dif- 
ferent Refrangibility of the Rays refracted and reflected in 
Drops of falling Rain. Let A be ſuch a Drop, SN a Ray 
entering it at N, which is refracted to F, from thence re- 
flected to G, where, as it emerges, it is refrated into all 
the ſeveral Sorts of Rays of which it is compoſed, wiz. GR 
the leaſt refrangible or r Ray, GO the Orange, 
GY the Yellow, GG the Green, G B the Be, GI the A2 
digo, and G V the Viclet or moſt refrangible Ray. 
28. Now we have ſhewn (Art. 22, 23.) that the Angle 
SFR is to the Angle SF V as 42* 02/ to 40% 17/; the Dif- 


this Angle all the original Rays are diffuſed ; and the 
Angle be ſmall, yet at a great Diſtance it f to a conſi- 
derable Width ; and therefore by coming from the Drop 4 
to the Eye of a Spectator at A, they will be ſufficiently ſe- 
parated, and fall upon the Eye fingly, each Sort of Rays by 
themſelves alone. | 
29. Hence, were there only one Drop 4, the Eye at A 
would ſee only one Colour in that Drop, wiz. the Red, by 
the leaſt refrangible Ray GR; the others, GO, GY, &c. be- 


eres woos 


2 —— * 


Drop is at G. 


0. The Trath of this may he eafily proved by Experi- 
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the Part of the Drop between B and L, where 


ment, by ſuſpending a Glaſs Globe fill'd with Water in the 


Sunſhine, and viewing it in ſuch a Poſition that the Rays SN 


I. XLII. 
Fig. 2. 


which fall upon it may emerge to the Eye at A, under the 
ſeveral Angles from SFR to SFV; which may be eaſily ef. 
ſected by letting the Globe deſcend from 4 to G by a String 
going over a Pulley. And this was the famous Experiment 
of Antonius de Dominis and Des Cartes, who by this means 
confirm'd the Truth of their Doctrine of the Rainbow, which 
had been demonſtrated mathematically. The ſame Thirg 
may de alſo ſhewn, if the Globe be at Reſt at A, and the 
Eye be raiſed from R to V. | 

31. If now, inſtead of depreſſing the Drop from 4 to 6, 
we ſuppoſe a Drop placed in each Point 4, B, C, D, E, F, G; 
then theſe will ſeverally ſend an original Ray to the Eye, ac. 
cording to their Situations in reſpect of it. Thus the Drop 
in A will refract the Red-making Ray GR; the Drop B will 
refract the Orange Go; the Drop C the Yellow Gy ; and 
ſo the other Drops D, E, F, G, will by the Rays Gg, Gb, 
Gi, Gv, excite the ſeveral Colour, Green, Blue, Indigo, 
Violet, all at the ſame Time; and therefore all that Part of 
the Rain from A to & will appear variouſly colour d, as is re- 
preſented in the Scheme. | | 

31. Now let SP be a Line drawn through the Spectator's 
Eye at A, parallel to the Sun's Rays SN, and conceive the 
ſeveral Rays GR turning about the Line AP as an Axis, and 
always under the ſame invariable Angle GRP; 'tis evident, 
the Extremity of each Ray would in the Cloud or Rain de- 
ſeribe a Circle which would be the Baſe of a Cone wboſe 
Axis is AP, and its Vertex A; and for the fame Reaſon that 
the Drop A excites the Senfgtion of Red, every Drop in the 


Circle deſcribed by the Extremity of the Ray GR will excite 


the ſame Senſation ; thus will a red circular Arch AH be 
form'd as far as the Rain extends. Next to that the Ray BA, 
by revolving, deſcribes the Arch of an Orange Colour, 3 
BI; the Ray CA will in like manner trace out the Yellow 
Circumference, as CK; and ſo of all the reſt, as repreſented 
in the Figure. | 

32. Hence the Second Plrommon, wit. the circular Forn, 
is accounted for ; and alſo the Third, which is the Preadth , 
the Bow ; for that will be equal to the Angle ARC = 
RG V-== 1* 4;/, where the Ray, as here, emerges after one 
Reflection. Theſe Particulars are repreſented more com- 
pleatly in the Figure where BG is the red 
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the Rays AN can enter, ſo that after a ſecond 


form'd by the Rotation of the Ray AG, that can firſt come 
to the Eye at A; and Cg E is the Violet Arch form'd by the 
leaſt refrangible Ray g A; after which the Rays are all re- 
ſracted below the Eye. And thus by the intermediate Rays 
and Colours the whole interior Bow is produced. 

33. The Fourth Phenomenon is the Appcaranee of Two 
Bows. This follows from hence, that after an efficacious 
Ray of Light SN, entering a Drop of Rain, has been twice 
reflected on the fartheſt Side at F and H, it will emerge re- 
fracted into all its ſimple or conſtituent Rays at G upon the 
upper Side of the Drop, ſo as to make with the incident Ray 
the Angle GYN or SYA = 54 10%, if that Ray be the 
Violet Sort, or moſt refrangible, (by Art. 26.) but if it be 
of the red or leaſt refrangible Sort, then the ſaid Angle is 
but 50* 58' = SyA, (by Art. 25.) 

34. Therefore all thoſe Drops which are ſo ſituated around 
the Eye, that their moſt refrangible Rays ſhall fall upon it, 
muſt with thoſe Rays make an Angle with the Line AP paſſing 
through the Eye parallel to the Sun's Rays, wiz the Angle 
GAP, equal to the Angle SYA, or GAP = 754 10/, 
Theſe Rays therefore will every where exhibit a Violet Co- 
lour in the Arch PTL. For the ſame Reaſon thoſe Drops 
whoſe leaft refrangible Rays fall upon the Eye at A, make the 
Angle gAP = 50? 58“; and ſo che Ray Ag, revolving a- 
bout the Axis AQ, will deſcribe the circular Arch Mg K, 
which will exhibit the deepeſt Red; and all the Drops be- 
tween G and g will paint the ſeveral other colour'd Periphe- 
ries, all which together will compleat the exterior Bow. 

35. The F Phanomence is the greater Breadth of the ex- 
terior Bow, Thus, if from 54 10/ we ſubduct 50 587, we 
ſhall have 3* 12/ = Gg = the Width of the outer Bow; 
which therefore is almoſt twice as wide as the interior Bow. 


36. The Sixth Phænoments is the Diftance' between the" tau 


Biws, which is thus determined: From the Angle which the 
leaſt refrangible Ray in the upper Bow makes with the Axis 
AP, wiz. 50® 587, ſabſtract the Angle 42* o which the moſt 
refrangible Rays make therewith in the lower Bow, and the 
Remainder 82 56% =gAFis the Arch of Diſtance between 
the Bows. | 

37. The Seventh Phanomenon is the inverſs Order of the 
Colours in the two Bows, This follows from the contrary 
Parts of the Crop on which the Ray is incident, and from 
whence it emerges and is reſracted. Thus becauſe the Rays 
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SN enter the upper Part of the Drop and emerge from the 
lower, tis evident the Rays reſracted in this Caſe (wiz. in the | 
interior Bow) will have a Situation quite the reverſe of thoſe 
which enter on the lower Part of the Drop, and are refracted 
from the upper, as in the exterior Bow, whoſe Colours are 
Violet, Judge, Blue, Green, Yellow, Orange, and Red; whilft 
thoſe of the other are Red, Orange, Yellow, Green, Blue, In 
dy. 26 Violet; counting from the upper Parts downwards 
in 


38. The Eighth Phenomenon is the Faintneſ* of the exterior 
Bow in Compariſon of the interior one. This is the Conſequence 
of the Rays being twice reflected within the Drops which 
form the outer Bow. They who make the Experiment in 2 
dark Chamber may wonder when they obſerve how large a 
Part of the Beam (that enters the Globule at N) goes out at 
F, that there ſhould be enough in the remaining Part FG to 
exhibit the Colours ſo ſtrong and vivid in the firſt Bow as they 
appear ; but then conſidering how much of this reſidual Ray 
is refracted at G, tis rather a Wonder how the very ſmall 
Part reflected to H ſhould there when refracted be in Quantity 
ſuſicient to excite any diſtin Ideas of Colours at all. 
39. The Ninth Phenomenon is, that ſometimes more than two 

appear ; as in a very black Cloud I have myſelf ob- 
ſerved feur, and a faint Appearance of a %% But this hap- 
pens rarely. Now theſe ſpurious Bows, as I may call them, 
cannot be form'd in the Manner as the two principal Bows 
are, that is, by Refractias after a third, fourth, fifth, &c. Re- 


fetion ; for the Beam is by much too weak to exhibit Co- 


lours by Refraftion, even after the third Reflection only, 
much leſs would it after a fourth or fifth. Beſides, though 
after a third and fourth Reflection of the Rays they ſhould 
be ſuppoſed capable of ſhewing their Colours, yet the Bows 
made thereby would not appear at the ſame Time with the 
other two, nor in the ſame Part of the Heavens, but in the 
Rain between us and the Sun, and muſt be view'd by the 
Spectator's Face turg'd towards the Sun, and not from it, a5 
in the other Caſe. | 

40. To account for the Appearance of theſe colour d 
Rings within the interior primary Bow, we ſhall here tran- 
ſcribe what the learned Dr. Pemberton has wrote upon the 
Subject. He obſerves, that Sir Iſaac Newton takes notice, 
that in Glaſs which is poliſh'd and quickſilver d there is an ir- 
regular Refraction made, whereby ſome ſmall Quantity of 
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Of Liehr and Colours. 
and G for the Bows, there can enough go out to- 


Light is ſcatter'd from the principal reflected Beam. If we 

allow the ſame Thing to happen in the Reflexion by which 

the Rainbow is cauſed, it ſeems ſufficient to produce the Ap- 
now mention'd. 

41. Let AB repreſent a Globule of Water, B the Point 
from whence the Rays of any determinate Species being re- 
fleted to C, and afterwards emerging in the Line C D, would 

to the Eye, and cauſe the Appearance of that Co- 
jour in the Bow which appertains to this Species. Here ſup- 
poſe, that beſides what is reflected regularly, ſome ſmall Part 


of the Light is irregularly ſcatter'd every Way; ſo that from pl. XLIY, 
the Point B, beſides the Rays that are regularly reflected from F 


B to C, ſome ſcatter'd Rays will return in other Lines, as in 
BE, BF, BG, BH, on each Side of the Line BC. 

42. Now it has been obſerved, (Amotat. CXXI.) that the 
Rays of Light in their Paſſage from one Superficies to ano- 
ther, in any refracting —_ undergo alternate Fits of eaſy 
Tran/miſſiom and Refit4ion, ſueceeding each other at equal In- 
tervals, inſomuch that if —— i 
in one of thoſe Fits, they ſhall be tranſmitted ; if in the 
other, they ſhall be reflected back. Whence the Rays that 
proceed from B to C, and emerge in the Line CD, being in 
a Fit of eaſy Tran ſiniſſon, the ſcatter'd Rays that fall at a 
ſmall Diſtance without theſe on either Side (ſuppoſe the Rays 
BE and BG) ſhall fall on the Surface in a Fit of eaſy Refle- 
Him, and ſo will not emerge; but the Rays next to theſe, 
viz. BF and BH, ſhall arrive at F and H in a Fit of «a 
Tranſmiſſion, and ſo be refracted in the Rays FI and HK. 

43- Now theſe Rays will emerge, ſo as to contain a leſs 
Angle with the incident Beam SN than the Ray CD, which 
was ſhewn to make the greateſt Angle therewith of all others 
whatſoever : (See Art. 5, 22, 23.) The Colours therefore 
which they exhibit muſt appear within thoſe cf the primary 
Bow. And if we ſuppoſe other ſcatter'd Rays without theſe 
to emerge (having the intermediate Rays intercepted by Re- 
fletion) they will contain Angles ſtill leſs with the incident 
Ray SN, and will therefore form colour'd Arches ſtill within 
the former: And this may be conceived for divers Succeſſions. 

44. Now as the ſcatter d Rays by various RefleFions and 
Rfr ations form Arches variouſly mix d together, ſome of 
theſe made by the lighter Colours may be loſt in the inferior 
Part of the primary Bow, and may contribute to the red 


Tincture which the Purple of that Bow uſually has. The 
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gether at G or H, to form a ſtrong and diſting 


darker Colours of thoſe refracted ſcatter'd Rays form the 

Arches which reach below the Bow, and are ſeen diſtinct ; of 

which the firſt has a light Green, dark Green, and Purpt: ; the 

ſecond has a Green and Purple; the third a faint Green and 
vaniſhing Purple. 

45. The Diſtances between the Bow and ticſe ſecondary 
Arches depend on the Size of the Drops; to make them in 
any degree ſeparate, tis requilite the Drops ſhould be exceed. 
ing ſmall. It is therefore moſt likely, that they are form'd 
in the Vapour of the Cloud, which the Air, being agitated 
by the Rain, may carry down with the larger Drops ; and 
this may be the Reaſon why they never appear but under the 
upper Part of the Bow only, this Vapour not deſcending very 
low. As a Confirmation of this, theſe Arches are ſeen 

when the Rain falls from very black Clouds, which 
cauſe the fierceſt Rains, and therefore produce the greateſt 

Agitation of Air. Thus far Dr Pemberton. 

46. But to return: The Tenth Phen:menon is, the 4j- 
pearance of the Bows in that Part of the Heavens oppoſite to 
the Sun. This neceſſarily happens from the incident and e- 
mergen* Ray being both on one Side of the Drop, for 'tis 
evident, that in order to ſee the Colours, we mult look to 
that Part againſt which the Sun ſhines. 

47 The Eleventh Phenomenon is, that they never appear 
but when and where it rains. ' This is becauſe Rain affords a 
ſufficient Plenty of Drops, or aqueous Spherules, proper to 
reflect and reſract the Light fit for this Purpoſe, which can- 
not be done without a requiſite Size, Figure, and Diſpoſition 
of the Particles, which the Vapour of the Cloud goes not ad- 
mit, and therefore Clouds alone exhibit no ſuch Appearance. . 

48. The Twelfth Phenomenon is, the Dimenſion of th! 
Bows. This is determined eafily, for continuing. the Axis 
A to Q the Centre of the Bows, we have the Semidiameter 
of each Bow in the Angle QAg, or QAG ; the double of 
which-gives the Angles which the whole Diameters of the Bows 
ſubtend, and are therefore the Meaſure of their Magnitude. 

49. The Thirteenth Phanomenan is, the Attitude of the Bow 
abewve the Horizon; or Surface of the Earth, This is equal to 
the Angle GAT, which may be taken by a Quadrant, or it 
way be known for any Time by having given the Sun's Al- 
ticude, which is equal to the Angle T AQ; which therefore 
ſubdued from the conſlant Angles QAF, or QAY, will 
always leave the Angle of the apparent Height of ine Bow. 


Image 
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Image of the Sun; which Rays, therefore, en- 


50. Hence it follows, that when the San is in the Horizon, 
the Lines QA and ITA will coincide, and therefore the Points 
Qand T; whence, in this Caſe, the Bows will appear com- 
pleat Semicircles; as on the other hand, when the Altitude 
of the Sun is equal to the Angle QF = 42 oa, or to 

AY=54* 10, the Summits of the Bows will be de- 
prefs'd below the Horizon, and therefore within a certain In- 
terval in many Days, in Summer-'Time, no Rainbow can ap- 

ar. 
” 51. We have hitherto conſider'd the Bows, and given their 
Dimenſions, ſuch as they would have were the Sun but a 
Point; but becauſe the Sun ſubtends an Angle of half a De- 
oree, or 30 Minutes at a Mean, therefore the Breadths of the 
Bows will be increaſed, and their Diſtance decreaſed by half 
a Degree, and ſo the Breadth of the interior Bow will be 
2 15/, and that of the ex:erior one 30 42/, and their Di- 
ſtance 8 26/; alſo the greateſt Semidiameter of the interior 
Bow 42 17/, and the leaſt of the exterior Bow 50? 43/. 


52. For let S FA be the Angle of any one particular co- Pl. XLII. 
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lour'd Ray coming from the Centre of the Sun, and reflected Fig. 7. 


from the Drop to the at Eye A. In the Ray S F take any Point 
S at Pleaſure, and make the Angles FSN, F SM, each equal 
to 15/, as alſo the Angles FAM, and FAN; then will SN 
be Part of a Ray » N coming from the lower Limb of the 
Sun, SM a Part of a Ray M coming from the upper Limb; 
and ſo the whole Angle NSM n S = Zo, the Sun's ap- 
parent Magnitude. 

53. Join 8A; and ſince the Sums of the Angles at the 
Baſe 8 A of the ſeveral Triangles AS N, AS F, ASM, are 
equal among themſelves, their vertical Angles at N, F. M, 
are alſo equal to each other. Wherefore the Angle SM A 
will be that which the emergent Ray makes with the incident 
Rays SM of the ſame Colour, as before, coming from, the 
higheſt Point » of the Sun, and 8 NA of that waich, comes 
from the loweſt Point of the Sun =. Therefore, if all the 
Rays of the Sun were of one Sort, the apparent Breadth. of 
the Bow, meaſured by the Angle MAN, would be but 307 
or half a Degree. | 

54. But ſince the Rays of the Sun are differently refrangi- 
ble, conceive the Drop F to, be placed any where, in the la- 
ward or outward Verges of the Bows (above deſcribed) and 
then it is manifeſt that the Angle FAM muſt be added to 
the Inſide, and F AN to the Outſide of the Angles, which 
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the Breadths of thoſe Bows ſubtend at A, to obtain their :p 
parent Breadths ; which therefore will be ſuch as are defur 
in Article 51. 
Fi Lieb — —j— — ang tr Halley's Method of 
the Ratio of the Sine of Incidence to that of Re. 
— ñ9ĩ3ib Rugs which an efficacious Ray, 
as S N, contains with its Part GA; but as this 
Angle is determined only by ent, and the Calculz. 
tion brings us to a Cubic Equation, I think it a Matter of too 
much Intricacy to trouble the Reader with in this Place, 
eſpecially as it is ſo eaſy to determine the refractive Power of 
any tranſparent Bodies, by the experimental Methods befor: 
deliver (See Annotat. CXVII.) 

56. I have often taken Notice (with Mr. F/ift:n) of the 
Silence of Authors concerning the Reaſon why the Vis, or 
rather a ſtrong and deeply colouf d Corona does not appear 2. 
bout the Sun in the- falling of Rain, at the Diſtance 
every way of about 25 Degrees; at that Diſtance from 


into the are refracted a ſecond Time at F towards the 
Eye at I. or if SBQ be the Axis of the Drop, we have 
1 59˙ 237 (Art. 21.) and the Arch 

* t ee. wherefort 
1 82 lobe of Water, held in the Sun's Light in a dart 
Room, we ſee a colout'd Circle or Carena A DF of about 
42 Degrees in Diameter, and the Superficies within it ex- 
tremely luminous, as containing all the Sun Beams that fall 
on the fore Part within 60 Degrees all round the Axis. 

57. But becauſe the Rays are there promiſcuouſly blended 
together, they only a white Light ; whereas, on the 
Circumference F D A, where the efficacious Rays fall, there 
all the Colours of the Bow appear; and from thence man) 
have wonder d why we ſee not a Circle colour d with ſtronger 
Tints than even the primary Bow itſelf, from this Refraction 
of the efficacious Rays in all the Drops of Rain between ut 
and the Sun from the FDA. et we are to obſerve, 
with Mr. }bifor, that the efficacious Rays 8 N, 5n, pe, 
which are el when incident on the Drop, are not ſo 
when at their Emergence at F; for being there tte. 
ſracted to one Point, they are not parallel within the Drop, 
and therefore cannot be ſo after their Emergence, but 

| Eye at I in ——_ 
thiveſers wilt not be ſufficiently denſe, 


10 


Of L1G6at and Cotovss. 22 5 
to diſtinguiſh, them from the reſt which are in- 


and at the ſame time too much blended with others to excite 

any Senſation of Colours. 3 2 By 

| 58, But why, it ſhould be faid, this variegated Circle ought 

to appear at the Diſtance of about 26 Degrees from the Sun, 

J do not ſee; for the refracted Ray F 1 contains an Angle 

FMG with the incident Ray 8 N (produced to G) of 38 Plate 
22/ ; for tis plain that NM M, and therefore the Angle XLIV. 
MNF=MFN=CNM—CNF=5g09 23/— 40% 12/ Fig. 3. 
19? 11/; but the external Angle IMG=MNF+ MFN 

= 38 22/, and conſequently this is the Angle of Diltance 

at which ſuch a Bow mult appear all around the Sun. 


. q N. Sbuor iu. | r 
59. In Article 5. it is aſſerted, that the efficacious Ray 
SN makes the Arch QF a Maximum by its refracted Part 
ND. To prove this, let Radius C Nz=CB=1, the verſed Plate 
Sine B A= x, and CD= x, and by the Nature of the Cir- XLIII. 
tle QB: AN:: AN: AB; cherefore AN Z. Again, Fig 3. 
let a= Ratio of the Incidence and Refraction; then becauſe 
1:R::ND:CD, we have Nor Dr az; likewiſe 
from the ſimilar Triängles BN D and F QD, we have ND: 

. x —1 


NB::QD:QF; that is, aziy/ 2x —1:— 2x 


4 


F. n 


60: This Value of QP is to be determined to 6 Maria; 
in order to this we negleRt the gi en Pare =, and take the 


þ 3 e. wet. — —— ——ů a JS 
variable Part << E 57 
' Zz | * . | 2 5 2 


x 
1 


1 * - J \ 9 * 4 * * , Y 4 : 

T > * 5 ® ® ” —1 1 ? 
x*— —; then making its Fluxion g i * 4 

— 2 1 8 3 4 82 p * 8 0 . ; * N 4 * 3 
x * oz or(multiplying by a - 2 * & 


So. Wöbenes 5 FE e ante 
| | | en eee 
. 61. We muſt now find another Value of & in order to ex- 
erminate it, which we find from the ti nt · angied Prian 
NAD, where ND* = AN ad: char u, X >= 
22z— 2x2 +1, which in Fluxions is 24 32 = 222+ 
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effectual Py: ) 


ED Ws 
el . — - 


<=; ; whence 2 22 TT 2 
now by means of chis and the a 5 = 
2* +22— 2x2 1, if we throw out x, we ſhall get this 
cubic Equation & —«* A - +z* + 3z +3=0; 
whoſe. Roots will. be found 551, xml od} 


2 —1 


pv 3 
V e the two firſt being negative, are 
of no Uſe; therefore the Arch QF is » Maximem whe 


3 48 dig 


b 
* by lng 0 Vit te Eun 


. 
T xy * And fnce in caſe of the lat 


— 5 therefore / ——— =_— = 


1,964 —CD; — o8 the verſed Sine of the 
Aue R CN = aN . 


Article 21. Alia if us put a= Gee At. 19 we ſhall 


ave the BEN=758* 4 for the moſt refrangible 
Rays, as in . 23. 0 i 


ez Aﬀo vs get the Value of QF = © — 992772 


$:3668, hich 6 the Chon! of 4 6 df. as was be- 
fore-hewn, driige 6. Hence all the Paxticulars relating to 
the principal Pow ae. caſy to be -underſtood ; and this is an 
egregious Inſtance of the extreme Uſefulneſs of the F/uxiona!? 
— Natueat Philoſophy,/ This noble Theorem Was 
a —— —— 

* es, e HM nn „ a9 
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CD=z= 15492, and the Arch B N 49* 48"; alſo the 
ArchQF=11* 22/. Some other conſiderable Uſes, which 
may be made of this Theorem, will be conſider d in the next 


(CXXIV.) 1. Concerning: the Production of Ha xo's, out 
Iuftrious Author has left us to make the belt Shift we can ir 
accounting for it; having ſaid nothing of this Phenomenon 
that can be of any Service to help us in this Diſquiſition. He 
intimates, indeed, that Halo's are form'd by the Light which 
tomes through the Drehs of Rain by two Refrattions (viz. at 
N and F) without any Refledtion; but how this can be is not 
eaſy to conceive. We have ſhew'd that a Rainbow or deeply 
colour'd Ring might have been expected at the Diſtance of 
about 38 Degrees the Sun, and alſo why it cannot hap- 


mo For the ſame Reaſon we ſhould alſo not expect an Halo 
to be form'd by the ſame refracted Rays, wiz. on account of 
their not being refracted parallel to the Eye, and conſequent- 
ly not entering it denſe enough to render that Part of the 

eavens more luminous than the reſt, or to produce the lucid 
Ring we call by this Name. Again, Sir {aac ſays, it ought 
to appear frungeſ at the Diflance of about 26 Degrees fem 
the Sun (viz. when the Angle IMG = 26?) and to decay 
22 both ways. But though our Author did not un- 
doubtedly aſſert. any Thing without very great Reaſon, yet 
this does not appear to us. F*Y 

3. For that the Angle IMG may be 26 Degrees, the 
Angle of Incidence BCN muſt be abont 46, and-then the 
Angle of Refraction CN F will be near 33 Degrees but why 
ſuch an Incidence and Reſraction ſhould cauſe the Rays to be 
refracted in greater Plenty to the Eye than any other, does not 
appear to me, nor can I find it by any Experiment. Ou the 
contrary, as the Angle I'M G increaſes with the Angle of In- 
—— and conſequently with the ion, it js 
evident that with reſpect to heterogeneal Light, the 
the Angle IMG is; the more will it be — —— 
ter d; and conſequently; the farther the 


4. As Sir I/tac Newton Mas ſaid 

tors, Dr. Pemberton and Dr. # Graveſande; 

to be abſolutely filent on this Head. Me. 

vanced an Hypotheſis by which the Phaniomezon may be 

ſolved; if we grant him all his Petitions. 3 
* P 5s 
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our great Philoſophers, not even Sir [aac himſelf, have un 
dertook to diſprove it, but on the contrary ſeem rather to 
approve of it, as Sir //aac in his Oprics, and Dr. Smith in 
his Optics has adopted the ſame entirely ; I think upon theſe 
Accounts, and conſidering the Character of the great Au- 
thor, the Reader will be pleaſed to have the ſame in a very 
conciſe Manner repreſented to him. 

5. His Poftulatum is, That there are certain Globules in the 
Atmoſphere conſiſting of a Coat or Shell of tranſparent Ie or 
Water, containing an opake Nucleus or Kernel within ; and that 
theſe are made from . of Snow, (which is in itſelf 

e) ing the aqueous Particles in the Vapour or Ex- 
W H . i eee 
form the pellucid Shell of Water, or are frozen into a cry- 
ſtalline Shell of Ice; and this he thinks is proved to be Mat- 
ter of Fact by the Hail-flones which fall to the Earth, for 
theſe (ſays he) when broken do diſcover ſome Snow at the 
Center 


6. Theſe Things premiſed, he addreſſes himſelf to the 
Solution as follows : Let ABCD repreſent ſuch a Globule, 
with the opake Nucleus EF in the Middle of it; and let us 
ſuppoſe the Rays coming from G, H, to fall on the Side AD. 
It is manifeſt they will be refracted inwards from the Surface 
AD; from;whence it follows, that a great Number of them 
muſt ſtrike upon the Kernel EF. 
© 7. Let GA and HD be the Rays which after Refraction 
touch the Sides of the Kernel EF, and let them be refracted 
again at B and C, emerging in the Lines BK, CK, croſling 
each other in the Point R, whoſe Diſtance from the Globule 
3 ſomewhat leſs than its Semidiumete,. 


Q, and after Emergence croſs each other in a Point 4 nearer 
the Globule than the ſormer, and therefore cannot come at 
the Eye placed within the faid Cone LEM. 

9. Suppoſe now the Eye placed at N; and let NR, NQ. 
be drawn parallel to LK and MK; then tis plain, none 
the Globules (the fame as ABC D) within the Cone RN 
can come to the Eye at N. Thus the Globules at O and P 
have theis refrafted Rays a and c including the Rye = 


Of Liar and CoLouks. 


the Cone of Obſcurity : But other Globules, which lie with- 
out the Cone QNR, as 8 and T, do not involve the Eye N 
by their ſhady Cones /&e and fim; and therefore ſome of thoſe. 
Rays, which are more refracted than 4 or &f, will fall upon 
the Eye, and produce a luminous circular Ring or Corona, 
including a dark Area within, 'and whoſe Light outwardly 
decreaſes as it is more remote from the Center. | 
10, Much after a like Manner this great Man undertook 
to account for the Appearances of Mock-Suns and Mock- Moons, 
call'd Parbelia and Paraſelenz ; which I ſhall not here detain 
the Reader with, becauſe I cannot help thinking the Whole 
is but too mach like à mere (though ingenious) Hypotheſis ; 
having never obſerved in any Hail-ftones any ſuch opake Ker- 
yels, ſo regularly form'd, and furrounded by ſuch regular 
Shells of pellucid Ice as is here ſuppoſed. © 
y 
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LECTURE IX, x 
Of Ovr1es. 


Of the Science of OrT1Cs in general. Of Caror- 
TRICS/ and 'DroyTrRICS: Of diverging, con- 
verging, and parallel Rays. Of the. ſeveral 
Kinds of MixrRougs and Ltensts. Of the Fo- 
CUSES of Rays; theCaLcuLlaTions thereof, and 
IRTOREMus for every Caſe, Of Onjects and 
their Imacts, with "FHEOR EMS relating thereto 

for every Kind of Glaſs "The Turokv of 
Vision eplaig d. . The ſeveral Parts of the 
Ex deſcribed.” Of the Derrers of Vision, 
and kom remedied by, SpECTacLts of ſeveral 
Sorte. Of Rxavino-Grasses. Of SiNGLt- 

| "Mick6scopts of every Fort by Rellection and 
Refraction. - Of Dounus-Miceoscores by 
1 RefietFion aud RefroRlion... Their Structure and 
U plain d. A New Pack s2-Micoscor: 
deſcribed, urid with* 4 Mickouzrik. De 
Nature, Structufe, and magnifying Power of 

| N refratding Terxscorg every Sort; the 
Kia ſin of "their linperfection explain d. Of 
KRrerc TO TxLSSCOPES, with their Theory 

"0 «ih af largt explain. © "Of #7 Cu- OBscuRa, 
and its various: Les. Of the,ScroeTRIC BALL 
"pt Sent Of the Souan T'tLESCOPE; and 
T! Sol A Miceoscorrs of ſeveral Sorts, Of the 


Ne- 
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nete invented HEL1osTATA of $'Graveſande, 
with its Theory, and Manner of Uſe explain d. 


E are now arrived to that Part of 
; \ Natural Philoſophy which treats of 
Viſion, and the various Phznomena 
of viſible Objects, by Rays of Light 
reflected from Mirrours, and tranſmitted through —-+ 
Lenſes, which conſtitute the Subject of the moſt 
delightful Science of Orrics. n 17 


(CXXV) l, Oxrics is divided into Two Parts, Ca ror- 
raics and Dior rxies; the former treats of Viſion by 
Light reflected from Mirrours or poliſh'd Surfaces, and the 
latter of Viſion effected by Light tranſmitted through Lenſes. Plate 
Of theſe Lenſes the ſeveral Ss | in Uſe are the Plano-Convex IV 
A, the Double-Convex B, the Plano - Concave C, the Double- XI. * 
Concave D, the Meniſcur E, (which is convex on ane Side, Fig. 
F 

that is pe to 
of each Lens, is call'd the Axis of the Lens, and that Mid- 
fl Point the Vertex of the Lens. 

. As Rays of Light fall on theſe Glaſſes, they are va- 
dach reflected and refracted, as above deſcribed in the 
Ao Cle Breed and eg the Wr of Light, 

in re 
and forming the Images. of Objechs, are 
Ways; one of which n Agebra. r Hal. 
ley has raiſed a + fag 
lar Caſes of Ed of Oe Claes dt ſphe Form, 
17 hk Lew ah: eee 
Another Method of doin this is by Fliess, which is 
and frog of every F. T 14. e 
orm. t it and 

illuſtrate here for Variety 2 — and — 
cen of th Med above ll or it 'de 


4. Let VBG be the Section 3 .„%L7 
a Medium vGHI. 3 Weeds 1 
ey VG. From any Point in the Axis A let a Ray of - 


P 4 n 
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Plate * 
FS. 4+ 


, — 2 — 


OYT IGS. 


Tu principal Thipgs here, to be conſider'd 
are, Firſt, the Rays af Lieb-; Seccondly, ſbe 
Glaſſes by which they are refi:Hed and refracted; 
Thirdly, tbe Theorems or Lai relating 10 we 
Formation of ibe Images of OVjects thereby , F ourth- 
ly, the Nature of Viſion, and S{rutture cf the Se; 
and Fiſthly, the Structure aud ue of the de 
Optical Inſtruments. 

Tur Rays of Light are diſtinguiſhed into thees 
Sorts, DiE. Parallel, Converging, and Diverging 
Rays. Parallel Rays are ſuch as in their Progreſs 
keep always, an equal, Diſtance fram each ther, 
as AB DC; ſuch as are the Sun's Rays, in their 


xd ha ts 


natural S Nate, ith reipe& to Senſe. Converging 


| Li ht AB be incident on the Medium in B, which ſuppoſe 


racted to a SL F io the Axis,.,, Then, by having given 
the 1 25 cr, of th 8 5 iat 4 D, and the Sine of In- 
'D, 88 5 oy * VF after Re- 


15 "Ts 08 ths thi, ſigm.ghe t B let Perpendicular 
us . 15 | In ah ij pi — fall he Fe BF x, 
D e, B . and V = /;. then » will DFS x, 
AD = H = v57 I + 24x + x* „ and v = 
| | £*F ** 3 and therefore in Pluxions we have 


FF 
> 2 hats = fx + xXx A 
CET En er ns 

6. But S and &. being being-the-Rluxions..of the incident and 
refracted LE Ai ceprefevr their#cdecities. before and after 
Refraction, . elo itte we have ſhewn ( Aust. CX VII.) 
are as the Chr Incidence and Refration * and * 3 whence 
* : * 1 nd from the Nature of Refraction (above 
explain'd)it-is delt cat While the incident Ray increaſes, 
— refracted Ray decreaſes j therefore their — muſt 

r . Wherefore & 

= 4+ er _ ae” 


2 rank ith 


— — — 
„ . 5 g * Bye FARES 


- 
14 19 


A 16 
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Rays are ſuch as in their Progrels approach nearer 
ad nearer to each other, all of them tending to- 


wards a certain Point F, where they all unite; as 


the Rays of the Sun collected by a Glaſs, as CDF. 
Diverging Rays are thoſe which proceed from a 
Point, as F, and in their Progreſs recede from, 
one another towards the Parts G E. VT 

Taz Point F, where the Rays are collected, 
is call'd the Focus, or Burning Point, becauſe 
there the Sun's Rays, being united within a very 
{mall Compaſs or Circle, are greatly conſtipated 
and condenſed, by which means their Action or 
Heat is proportionably increaſed, and therefore 
Objects poſited in that Point will be greatly heat- 


7. Now becauſe in thoſe Mirrours and Lenſes which are 


of common Uſe in ow we rd only the Focus of thoſe 
Rays which fall very the! Ali in which Caſe the Arch 


BV is very ſmall, "RI therefqre VD=# =o nearly; there- 
fore x x and xx may be rejected, without ſenfibly affecting 


the Value of the Expreſſions 2 ſhevefare es : 1 


| | Vy +a \ 
fx—y5 *— y + 4x * 
and ſo oz x, = =4 x 
NN VI" + , 


8. From which Equation we ſhall find f= FV, in 
Curve V G from the Equation 


CB=r S the Radius) the Fluxion of which is yy =o 4 —_ 


XX; and fince x = 0, we have yy = o, 32 rx ; and, ſub- C 
7 


ltjtuting theſe Values in the 2 


1 „ 2253 243 * 


1 EO e7 a6, ding by 5, m 


oh i = N * vendor mms = ar 
| ed, 


7 
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its Nature. Thus if _ 
VG be a CincLy, its Equation is yy =27x — xx, (where 


* 
03-432 084 5 06 Sa i 
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ed; burnt, or melted. 
Or GLassrs there are two Kinds, viz. My. 
rours, and Lenſes. A Mirrour or Speculum is tha, 
which from one poliſh'd Surface reflects the Ra 
of Light; and theſe are either Convex, Concer, 
or Plane, as will be ſhewn. A Lens is any tran. 
parent or diaphanous Body, as Glaſs, Cryſal 
* Water, &c. through which the Rays of Light do 
freely pals, and is of a proper Form to collect or 
diſperſe them. Of theſe there are ſeveral Species, 
as 2 Plane Lens, à Plano-Comvex, Plano-Concart, 


Double-Cmrots,” Double-Concave, and Meniſcus. 
I $#aLL now conſider the different Properti's 


and Effects of theſe Glaſſes in reflecting and r. 


9. I the Medion be Glaſs, then a : « 3: 2 therefor 
— And, for parallel Rays AB, where d 5 ak 


—— — LD A ar 
"ne, e have = = = zr VI. But in 


_Warer, where mi: # 4: 3. r and 47 


F for parallel Rays 
10. This Theorem (in — alſo adapted to be 
Fettes, che Equation of which Curve s 75 9 


£1 's if nul wa. 
Dr in Fluxions u LE Ls. and, Pau 
n nner 
> e which Values bebte 
eee 


e or the Rays pane, ST, the focal Di 


e öt tbe Elfiphs VO a Woti Part of the Lats Refer 
dem the Vertex, far che Sun- Beams. The Expreſſion is a 


* che Time for Cr BAT becauſe on of 


EQ Deni 5% WW 2AM 


vis fracting 


1 
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ſracting the Sun's Light, and forming the Images 
of Objects: And this all depends (in Reflettion of 
Light) on that fundamental Law, That the Angle 
of Incidence is equal to the Angle of Reflettion. 8 
Lr E H be a concave Mirrour, V its Vertex, Fig. 5. 
and C the Center of its Concavity. Let A be a 
Ray of the Sun's Light incident on the Point E, 
and draw E C, which will be perpendicular to the. 
Mirrour in the Point E; make the Angle CEF 
equal to the Angle A E C, then ſhall E F be the 
reflected Ray. Thus alſo HF will be the re- 
flected Ray of the incident one DH, at an equal 
Diſtance on the other Side of the Axis BV. 
Ir now the Points E and H be taken very near 
ſet with a different Sign, and vaniſhes in that Equation 
* | thy Nee 
11. = þ* 
and in Babes 273 125 K. 499 —4 
29=6, K, which ſubſtituted as before gre , 


and in caſe of parlle! Rays, or the gas Berns. = vr. 
the Focus or Burning-Point- of the Parabola. 7 -. 
12. Hence we obſerve, that in the Circle. VG, whoſe Ra- 
dius CB is equal to half the Laras Reda of the Elliphis or 
| wiz. A, the Focus will be at the fame Di- 
ſtance from the Vertex V, or VF will be the ſame in all; for 
then it is f = = 5 Vun ali the Curves, and con- 
ſequently the Circle, Elli, and Parabola, have all the fame 
Degree of Curvature at the Vertex V in this Caſe. 

* Ton Sar, or 4= þ, then the focal Diſtance f= 
—==L=ve becomes infinite ; that is, if the Radiant 
Point A be at the Diſtance of the Diameter of the Circle, 
or the Parameter of the Conic Section from the Vertex V of 


Go 
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— 


the Vertex V, we ſhall have EF, or HF, ver 

nearly equal to FV; but EF = FC therefor 

FV FCD CV. That is, the Focal Diſ 

cance F V of Parallel Rays will be at the Diſtani 

F balf the Radius CV of the Concavity of th 

'« © Mirroqr, from the Vertex V, in the Axis BV. 

AFTER the ſame manner, a convex Mirrour i 

Plate L. ſhewn to reflect the Rays A E, D H, into EF, 

Fig. 6. II E, as if they came diverging from a Pon 

F in the Axis C V, which is half the Radius CV 

diſtant from the Vertex V, But ſince the Rays co 

not actually come at, or from the Focus, it i 
call'd the 1magnary,or Virtual Focus. 

| PanALLEL Rays falling directly on a plant 


lel to the Axis. 8 llel Rays will be - 
fracted from a Subſtance of Gi by n ſpherical Surface to 
the Diſtance of — the "Sphere ; or from an el -· 
liptical- or parabolical Surface td the Diſtance of the Lat 

Rectam, from the Vertex V. 
After the ſame Manner we expreſs the ſeveral Caſes of 
5 Spherical, E1ltical, or Parabolical reflecting Surface V BG, 
XLIV. that is, ſuch a ove where. the incident Ray AB is reſlecled 
Fig. 8. from the Point B inſtead of being refracted; and then fince 
the Angle of Incidence ABL: is equal to the — — 

flecdion IL. B K, the Ray KB will be ſo reflected 

c Point B as if it cane from 3 Point F in the Axis, —— 


tire ae * 25. "as = n u 
e e | 
ES * od A Feng + en 39.0, 1 
| Boris above) then this general Theorem 
ter a, opener Crs 
/=v he Aut., Hl, Fee, 
Seel 
xb 


| Or ric 8. ; 
Speculum are reſlected back upon themſelves; if 
they fall obliquely, they are reflected in the ſame 
Angle, and parallel as they fell. Hence'there is 
no ſuch thing, properly ſpeaking, as a Focus be- 
longing to a plane Speculum, neither real nor 
virtual. | d 

Tut Focus F, or f, of parallel Rays, is call'd 
the Solar Focus; becauſe in that the Image of the 
Sun is form'd, and of all Objects very remote. 
But the Focus of any Object ſituated near the 
Mirrour will have its Diſtance from the Vertex 
more or leſs than half the Radius: The Rule in 
all Caſes being as follows: 8 


” 


Multiply the Diſtance of the Object into the Radius 


15. If 4, or AV, be infinite,” as in parallel Rays, or the 
7 ö N Nad: FILL 
ſpherical convex Mirrour V G; but if the ſaid Mirrour be 2A. 
liptical, Hyperbelical, or Parabolical, then = =43þ= 
f=VF. But becauſe the Rays BK do not actually proceed 
from the Point F, that Point is in this Kind of Mirrours'call'd 
the Virtual Fecus. Sony adit PNG 
16. If the Radius BC r of the convex Mirrour be in- 


finite, the ſpherical Surface VBG will become a Plane: WE. à Plate 
plane Speculum or Looking-Glifs, as VBG in the following X LIV. 


Figure; and the Theorem l- = 


fected at B into BK as if it came from a Point E, juſt as far 
behind the Glaſs as the Radiant A is before rt. 


17, Furthermore, if r = BC be ſuppoſed greater than In- 
finite, or from affirmative to become negative, the Center C 


SF Vp, Fig. 9- 
that is, A N is equał to V E, or the ineident Ray AB & ſo re. 


will then lie on the contrary Side, the Speculum V BG will Fig. 10. 


become concave, and in the Theorem above r muſt have a 


negative Sign, which then will. be tr df oy F, 
which ſhews that in concave Mirrours; when 4 & ſeſę . 
94 | 0 


OrTics 
of the Mirrour, and divide that Product by the im 
of the Radius and twice the Diſtance of the Obe 
the Quotient wwill be the Focal Diſtance of a Come 
Mirrour. 

AGcain; for a Concave Mirrour, the ſame Pr. 
duct of the Radius into the Diſtance of the Objea 
divided by the Difference of Radius and twice th 
Diſtance of the Objef, will give the Focal Diſtant 
VF er Vf. And here we are to obſerve, that 
as twice the Diſtance of the Object is leſſer or 
greater than the Radius, ſo the Focus will be 
poſitive or negative, that is, behind the Glaſs or 
before it. 

Tux Image of every Object is form'd in the 


4, that is, when AV is les than 4CV, the Focus / wilt 
affirmative, or on the ſame Side as before ; or the Ray AB 
will be fo reflected at B into BK as if it came from a Point f 
behind the Speculum. 

18. Whend==4r, or AV = 4CV, then is the Fon 
at an infinite Diſtance, the Theorem then being = =/; 
ſo that in this Caſe all the Rays AB will be reflected paralle! 
to the Axis, as BT. But when 4 is greater than 17, then 


the Focus f will be negative, or it will be — 


19. Laſtly; when ==, then alſo ; that is, if the 
Radiant A be placed in the Center C, the Focus F will be 
there or, 1 ing from the 
themſelves. 


20. On the contrary, ſin all theſe Caſes) converging By! 
KB are reflected to a Point in the Axis leſs diſtant than i CV, 
or | | Rays KB are reflected to that 
here FV = 4 CV. This will there 
the Sun's Rays, and is the Solar 

ion d. Diverging Rays have their Focus ® 
iſtance from the Vertex V, greater than half the N 
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Focus proper 
Writers on C 
under which t 
een from the C 
— equal ; 

be always in I 

Focal Diſtance 
Tux Poſiti 
rect at a poſit 
| diminiſhed by 
cave one, F 


vi. an affirma 
any Object, 
Tus Poſiti 


dias CV. 

21. If VBG 
Theorem is foun 
in concave 
with reſpe& to 4 
dand 3p in theſ 
fected parallel tx 
Rays will be refl 
from the Vertex 
at the Diſtance | 
Section) from th 
we ſee the Proj 
Curves. 

22. As withit 
two of thoſe Fo 
be in one Focus, 
wherever the Po 
For in this Caſi 
PP DOH AV= 
therefore writing 
quation above, 1 


44x == 4x x = 
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; proper to its Diſtance: And fince the 

rs on Optics demonſtrate, that the Angles 

which the Object OB and its Image I M are PlateL. 
am the Center or Vertex of the Mirrour C are F 7. 
s equal ; it follows, that the Image I M will 
ways in Proportion to the Object O B, as the 
| Diſtance V F to the ObjeR's Diſtance G V. 
ur Poſition of the Object will be always e- 
at a pofitive Focus, or behind the Speculum z 
niſhed by a convex, and magnified by a con- 
one, Hence, ſince a convex has but one, 
in affirmative Focus; ſo it can never magnify 
Object, howſoever poſited before it. 'Þ 
as Poſition of the Image in a negative Focus, : 


If VBG be an Ellipſis, Hyperbola, or Parabola, the 
rem is found in the fame Manner to be z = /; 08 
cave Speculums of this Sort; and all that has been ſaid 1 
eſpect to 4 and 4r in the ſpherical Speculums, is true of 1 
+þ in theſe. Thus when 4 = 4p, the Rays will be re- " "Is 
d parallel to the Axis ; and on the other hand, parallel 4 
will be reflected to a Point in the Axis whoſe Diſtance '1 
the Vertex V is 4p. Thus the Sun's Rays are collected 4 
+ Diſtance of one Fourth Part of the Parameter (in each | 
mn) from the Vertex; and as this is the Burning Point, [1 
e the Propriety of its being call'd the Focus of thoſe 1 


88. 6 
As within the Curve of an Ellipfis VGH there are pl. XLV. 
f thoſe Focus's, tis obſervable, that if the Radiant A Pig. 1. 4 


v | 
| 
| 


one Focus, the Rays will be reflected to the other at P, 
ever the Point Bbe taken in the Perimeter of the Ellipſe. 
n this Caſe VVA, A , AP=y=4p8, (for 
N AV=d=a=-x, and FV=Avzzf==—x; 
fore writing a — x, and — x for d and —F, in the E- 
on above, we ſhall have _Z — =—x, and ſo 
4a—4x—p 

An, otras -n = 7 fe, Which is the known 

or 


4 a2 


WS 
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or that before the Glaſs, will be ever ihverted; 
and if nearer the Vertex than the Centef C, it will 
be leſs; if farther from it, it will be greater thai 
the Object; but in the Centet, it will be equal to 
the Object, and ſeem to touch it. | 

Tux Image form'd by a plane Sperulum is erect; 
large as the Life; at the fame apparent Diſtance 


behind the Glaſs, as the Object is before it; and 


on the ſame Side of the Glaſs with the Object. 
Theſe Properties render this Sort of Mirrour of 
moſt common Uſe, viz. as a Loox IU -G ass. 

_ ty the Rays fall directiy, or nearly fo, on 1 
plane Mirrour, and the Object be opake, thete 
will be but one ſingle Image form d, or at leaſt be 


Property of the Ellipfis. | 
23. And the ſame thing holds with reſpect to the Foci of 
two oppoſite Hyperbola's VB and v; for if the Radiant be 
e Focus A of one, any Ray A B will be ſo reſſected into 
as if it came from the Focus F of the oppoſite Hyper- 
vb, as is evident in the Figure, In the Parabola V BG, 
if the Radiant be placed in the Focus A, the reflected Ray; 

K, tending to the other Focus at an infinite Diſtance, wi 
all paralle] to the Axis VC, agreeable to what is ſaid 
above, Article 21. 

24. If we reſo the Fijuation —©— =; into an 41a 
logy, we ſhall diſcover that the Axis of the Mirrour is divi- 
ved harmonically in the Points V, F, C, and A; or that it 5 
AV:AC::VF:FC. For ſ it to be ſo, we have 
4d:d=r::f:r , which gives us the above Theorems 


„ 


F. 


J 


FT 


dr 21 3d Boo au hk 2641, ab Np” 
2 P =. in the convex Speculum ; and iy bein 


the Concave. This curious Property of Speculums was fr 
diſcover d by the late Mr. Diton. 1 

= We now proceed to apply this Method to Diet 
Problems, that is, to find the Focus of Rays reſracted thr, 
an Sort of Lenſes. To this End we muſt recollect, that in 
Amici 8. we had -r -v, whence deduct 
2 yiſible 5 
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viſible ; and that by the ſecond Surface of the 
Speculum, and not by the firſt, through which the 
Rays do moſt of them paſs. _ 

Bur if the Object be luminous, and the Rays 
fall very obliquely on the Speculum, there will be 
more than one Image form'd, to an Eye placed 
in 4 proper Poſition to view them. The firſt 
Image being form'd by the firſt Surface will not 
be ſo bright as the ſecond; which is form'd by the 
ſecond Surface. The third, fourth, Sc. Images 
are produced by ſeveral Reflections of the Rays 
between the two Surfaces of the Speculum; and 
ſince ſome Light is loſt by each Reflection, the 


Images from the ſecond, will appear ſtill more 


this ocher Equation LEES LiF fo Ac a 


a” 4 NF eee 


Words is thus expreſy'd: The Ratio of the Sine of Incidence 


to the Sine of Refraction is compounied of the Ratio: of the 
Diftances of the Foci A and F from the Centre C, and of the 
Ratio of their Diſtances from the Vertex V. 
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25. If then we conſider B= (in the double convex Lens Plate 
V De) as a converging Ray refracted from Glaſs into Airj XLV. 
we ſhall find the Diftance vf, at which the refracted Ray bf Fig. 4. 


ſhall interſect the Axis of the Lens, by the Rule in Article 25. 

Only here we mult conſider, that the Point A will be nega- 
tive, or on the ſame Side with the Focus f, wiz. at 4. And 
25 9 is 9 Glaſs into Air, we mult uſe the 


ch E fo 


27. LA Thicknel IR Ob 2 NPI 
alſo let the Radius of the noon Surface be 21 then 


SA, 1 3 f= nfr—nft—xtr 


„ t+r 7 t m N 


Sof the focal Diſtance required. But if the Thickneſs 7 
de inconſiderable, as it commonlygis, it may be neglected, and 


"fr E n TE 
„ e 


Vo. II. | . faint 
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. 
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it 
it 
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faint and obſcure, to the eighth, ninth, or tenth, 


Pl. XLV. 
Fig. 5. 


Fig. 6. 


OrrTics, 


which can ſcarcely be diſcerned at all. 

W' proceed now to Lenſes; and here, ſince all 
Viſion by them is effected by the Refraction of 
Rays tkrough their Subſtance, it will be too in- 
tricate an Affair to ſhew the particular Manner 
how Rays are collected by them to their ſeveral 
Focus's: It mult ſuffice only to ſay, That parallel 
Rays are refracted through a plano-comvex Lens to 


Ar 

14 — 2 4 — nr 
ndrr - and 4 ” 

mrd—nrdmdr—ndr—arr 0 m— 2 95 

we have f. Bat in Glaſs, 9=2; and if 


rd dr—grr 
we ſuppoſe the Lens equally convex, or r=r, we havef= 


— — =of, the focal Diſtance of the Ray AB after paſſing 


dr 
through the Lens, as required. 

28. If % be infnite, d then =; therefore parallel Rays, 
or the Sun-Beams, will be collected in a Point f, whoſe Di- 
lances from the Lens is equal to the Radius of Convexity- 

29. If one of the Radii 7, r, be infinite, the Lens will be 

2dr 


» Which Equation reduced gives f = 


2 Pla- Ce, and f 25 and for parallel Rays where 
d is infinite, f = 2. 


30. If both the Radii be infinite, the Speculum then is no 
other than a p/ain Glaſi terminated by two parallel Sides; and 
the F rr 
or they will be parallel aſter Reſraction as they were be- 


31. If one Radius 7 be infinite, and the other r negative, 
then will the . then will the Theo- 


rem be TT ==F, which is therefore negative, or the Rays 
ET nts, When 4 is infinite, the 
Theorem is —— f or parallel Rays diverge 
— FER TD, i the Diltance of twice the Radius of Con- 


cavity, a Ph in 


”" 
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4 Point or Focus, which is the Diameter of the 
Sphere of its Convexity diſtant from it : 

Tnar the ſame Rays are collefted by a double 
and equally convex Lens in a Point which is the 
Center of the Sphere of its Convexiy : | 

THAT parallel Rays are refracted through 4 
pland- concave Lens in ſuch a manner, as though they 
came from a Point diſtant from it by the Diameter of 


its Concavity : 


32. If both of the Radii be negative, the Lens becomes a Pl. XLV, 
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Double Concave; and if d be infinite, and the Radii equal, Fig. 9. 


dr dr T7 


vx. Tr, the Theorem then is —=— = — 
= —f ; fo that parallel Rays, or the Sun-Beams; are f re- 


fracted through a double and equally concave Lens, as if th 
proceeded from a Point f at the Diftance of the Radius 
Concavity from the Vertex of the Lens. | 


33. If one of the Radii, as 7, be affirmative, and the other Pig. 10. 


r negative, the Lens becomes a Meniſcus, and the Theorem 
then is DELL = DELL =; which ſlews that when 
dr —4r — r i 
Dr, and 4iis infinite, the Focus f is at an infinite Diſtance; 
or the Rays are parallel after Refraction as heſore; as in the 
caſe of a Watch Glaſs. If r be greater than r, or the Con- 
cavity lefs than the Convexity, the Focus f will be affirmative, 
or parallel Rays will be converged to a real Focus; but if r 
be leſs than 7, the Focus f will be negative, or parallel Rays 
will proceed diverging after Refraction. 
34. We now proceed to determine the Poſition, Maguf- 
tude, Form, &c. of the Images of Objects form'd by Mir- 
tours and Lenſes, having firſt premiſed, that the Images of 
an Object always appears in the Place from whence the Rays 
diverge after Reflection or Refraction; or; in other Words, 
the Image appears in that Place, which we have hitherto 
call'd the Focus of the Rays. This Sir aac Newton has de- 
liver'd as an Axiom, as being very evident, becauſe the Spe- 
cies, or ſeveral Points of the e of an ObjeR, are brought 
to the Eye by the reflected or refrafted Rays. 


. Let AVG be a refle&ting Speculum, C its Centre, pig. 11 1+ 


VB its Axis, F the ſolar Focus; and let OB be an Object 
a the Diſtance VB; thro' the Centre C draw OA, which az 
* Q 2 And 


RET 


— — * 8 


— 
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Axp #hat the ſame Rays are refracted through a 
double and equally concave Lens, in ſuch manner as 
though they proceeded from a Point which is ths Cen- 
ter of the Concavity, - * 

Axp in caſe of a double and equally convex 
:Lens, -we have this general Rule for finding the 
Focus of Rays univerſally, be the Diſtance of the 
Object and Radius of Convexity what it will, 


VIZ, | | 


it is perpendicular to the Speculum will be reflected back 
upon itſelf, and therefore the proper Fe-us of the Point O 
will be in the Line AO, and that of the Point B in the Line 
or Axis BV. Thoſe focal Points are eaſily found, thus: 
Draw O V and V D making equal Angles with the Axis V B; 
alſo draw B A, and AE, making equal Angles with the Axis 
OA; then ſhall thoſe two refrafted Rays VD and AE in- 
terſect the Perpendiculars OA and B V in the Points M and I, 
Which will therefore be the focal Points where the Repre - 
ſentation of the extreme Points O and B will be made; and 
conſequently all the Points between O and B will be repre- 
ſented between M and I, and therefore the Line I'M will be 
the true Repreſentation or Image of the Object OB. 
- 36. Hence alſo tis eaſy to obſerve, that the Poſition of 
the Object OB is inverted in the Image IM, and conſe- 
quently the ſame Parts of the Object and Image are on con- 
trary Sides of the Axis in a concave Mirrcur, where the Rays 
have a real Focus, or form a real Image: But in a corves 
Mirrour, where the Rays have no real but an imaginary Fo- 
cus, or form not a real but an apparent Image, no ſuch In- 
verſion can happen, but the Object and Image both appear 
in an ereQ Poſition, as is eaſy to underſtand from the Figure. 
37. 22 the Object and Image are commutable, or 
may be n 


the one for the other in the Schemes. Thus if 

OB be tue Object, then IM will be its Image; but ſuppoſing 
IM the Object, then will OB be its Image. | 
38. Hence alſo it appears, that if LM repreſent an Object 
ed beſore a convex Mirrour nearer to the Vertex V than 
the Solar Focus F, the Rays will be ſo reflected as to form 
an app tent Image OB behind the Speculum ; and this Caſe 
5 waged way the ſame with that of the convex Specu- 


UE Mutipy 


„ 8 , a 
a . a, 


RE SS to oo 0 tos a ds. Dc 
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Multiply the Diſtance of the Objef by the Radius 


of Convexity, and divide that Produtt by the Differ- 
ence of the ſaid Diſtance and Radius; the Quotient 
will be the Diſtance of the Focus requir'd. 

Hence, if the Diſtance of the Object be greater 
than the Radius, the Focus will be affirmative, or 


behind the Lens; the Image will be inverted, 


and diminiſh'd in Proportion of its Diſtance to the 
Diſtance of the Object. 


39. It is farti. er obvious, that the Object OB and Image 
IM ſubtend equal Angles, both at the Vertex V and Center 
C of the Mirrour, whether concave or convex ; for at the 
Vertex the Object OB ſubtends the Angle OVB = BVD 
or IVM. which the Image ſubtends, (by Art. 35.) And at 
the Center C, the Angles OCB and I CM, under which the 
Object and Image appear, are equal, as is evident by In- 
ſpection, they being vertical to each other. 

40. Therefore % Triangles OVB and I'VM, alſo the 
Triangles OCB and ICM, are ſimilar, as having all their 
Angles reſpectively equal; therefore we have OB: IM:: 
VB: VI; alſo OB: IM:: BC: IC. That is, the Lengths 
of the Object and Image are proportional to the Diſtances 
from the Vertex or Center of the Speculum. 


41. Hence in Symbols (putting O Object, and I = 


$8 7, dr 
Image) we have O:I::d: f; whence F =——1 


therefore O: I:: 24—r r. Wherefore, by having given the 
Radius of the Speculum, you may place the Object at ſuch 
a Diſtance, that it ſhall bear any given Proportion to its 
image, as that of to »; for then, ſince : n:: 2d==r : , 
we have mr = 2dn—7n, and mr +ra=2dn; conſe- 


4 = 2 0 , and — 
quently, A r x 27 for a concave Speculum d=r x 


1 — 
dor a convex one. 
2n 


42. From hence it is manifeſt, no Obje& can be magnified 
by a convex Speculum ; for, becauſe in that Caſe » is greates 


than m, „ would be a negative Quantity, and ſo 4 


would have a negative Value, which is impoſſible. And when 
| | Q 3 Acai : 
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Acain; if the Diſtance of the Object be leſs 
than the Radius, the Focus will be negative, or 
on the ſame Side of the Lens as the Object; and 
the Image will be magnified, and im an erect 
Poſition. | 

Ir the Diſtance be equal to the Radius, the Fo- 

cus will be at an infinite Diſtance; that is, the 
Rays, after Refraction, will proceed parallel, 
and will therefore enlighten Badies at a vaſt Di- 


„ r, then I= or the Object and Image are then only 
r n e concave Mir- 


** In > concave Mirrour, while is greater than , it is 
plain the Diſtance 4 of the Object is greater than the Radius » 
of the Mirrour. But when * = u, then d=r ; or the Ob- 
je& and Image are equal in the Center of the Mirrour. When 
e is leſs than 2, or the Object is ma , then dis lefs 
than 9. Now this may be done two di rent Ways i in a con- 
cave Speculum ; for 2 may be affirmative, or the Image real 


and form'd before the Glaſs, then {= x E; or may 
be negative, or the Image only W and repreſented be- 
hind the Mirrour, then d=r x = -} in which Caſe, tis 


plain, the Object cannot be diminiſh'd. But laſtly, if be 
infinite in reſpect of , then rx = 24x, or r= 24, that is, 
d= x7. Or when the Odject is laced in the Solar Focus, 
the Image is form'd at an Diſtance, and infinitely 
1 44. Such are the Theorems for Specula; thoſe for Lenſe: 
gre rallel after a tiks Manner. For Jet GVA be a double 
* and equally convex Lens; C its Center, or CV the Radius 
of Convexity : OB an Object, EV its Diſtance (in the 
Axis of the Lens) 4, IM the I and FV the 
focal Diſtance at which it is ſorm d. "Then as the — E in 
the Object is form'd in the Point F in the Axis of the direct 
double Pencil of Rays E GF A, ſo the Point O will be form'd 
at M in the Axis of the Pencil OG MA; and fince theſe two 
Axes croſs each other in the Middle of the Lens at V, there- 
fore the Points O and M, and (for the ſame Reaſon) B ard I, 


ſtance, 


Or riles. 


ſtance. Hence the Contrivance of the Dark Lant- 
born for this Purpoſe, 

LasTLY: If the Diſtance of the Object be 
equal to twice the Radius, then will the Diſtance 
of the Focus and Image be equal to the Diſtance 
of the Odject; and conſequently the Image will 
be equal in Magnitude to the Object, but invert- 
ed. Hence the Uſe of theſe Lenſes to Painters, 
and Draught-Men in general, who have often Oc- 


will be on contrary Sides of the Axis EF, and conſequeatly 
the Image in reſpect of the Object is inverted. | 

45. Becauſe the Angles OVB and IVM are equal, as be- 
ing vertical, the Object and Image have the ſame apparent 
Magnitude if view'd from the Vertex of the Lens V ; and 
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are in Proportion to each other as their Diſtances from the 


Lens, that is, OB: IM:: VE: VF. 

46. Hence, if (as before) we make OB: IM:: : 2 
4 . we have r f= i; whence m: # -r. 
and fo mr = dn —7rn, or mr +rn = di; wherefore 4 = 


22 If , then 27 d and if » be infinite 
in reſpect tom, r= d. And if = be negative, or on the ſame 
Side of the Lens with the Object, then d=r x ———, which 


* 
ſhews the Object in that Caſe is always magnified. 

47: If the Lens be a ſingle or double Concave, the Rays 
cannot be converged to a Focus, (as is manifeſt from Art. 32.) 
and conſequently no real Image can be form'd, but only an 
imaginary one; and becauſe it is in this Caſe 4=r x 


n n 

that is, the Image can only be equal to the Object when they 

coincide at the Lens. | a 
48. The Form of the Image IF M is not a right or ſtraĩt 

Line, but a Curve; for let VESA, VF =, and VO 


=& Via; the face rm ant wo 


4 

| d—r d—r 

bave 7: F 12 Tr g but if TPM were a Right Line, 
— r d— 

| Q 4 caſion 


A 


„ tis plain when , then d=r x =. 


— — — — —— 
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caſion for the Images of Objects as large as the 
Life, to delineate or draw from. 

As to Plano-gonceves, they, having no real 
Focus, form no Images of Objects; ſo that we 
ſhall paſs them to proceed to the Structure of the 
Eye, the Manner of performing Viſion therein, 
the ſcveral Defects thereof, and how remedied by 
Glaſſes; which will be illuſtrated by the Diſſecti- 


it would be /: f:: 4: d. Neither is the Image of a circu- 
lar Form, unleſs the Object be ſo; becauſe in that Caſe f, 
which cannot be but when = d, or VE=VO; fo that if 
the Object be the Arch of a Circle, the Image will be the 
Arch of a Circle concentric with the Object, or elſe of a Co- 
nie Section, as before obſerved of Images form'd by Mix- 
rours, rt. 36. 5 
49. If the Object be a Surface, the Image will be a Sur - 
face ſimilar thereto : and ſince Surſaces are in duplicate Pro- 
portion of their like Sides, (Arnot. II. Art. 3.) therefore : 
= :: OB*: IM, in this Caſe. And if the Object be a So- 
lid, the Image will be a ſimilar Solid, and they will be in the 
triplicate Proportion of their homologous Sides; whence 
m „: OB? IMI. 

50. Though Specu/yms and Lenſes are of moſt — Uſe 
in e yet it will be neceſſary to conſider the Property of 
a Glibe or Schere as alſo of an Hemiſphere, with reſpect to 
their Power of converging the Rays of Light to a Focus, If 
therefore in the Theorem of Art. 27. we put i = 2r = Dia- 
meter of the Globe, and becauſe r = r, we ſhall have 


EXE =; the Focus of diverging Rays; and when 4 


i infinite, the Thegrem is L=L == Vf. Therefore 


a Globe of Glaſs will converge the Rays of the Sun to a Fo- 
cus at the Diſtance of half the Radius. 

L 15 Put in caſe the Globe be Water, then in the afore- 
ſaid Theorem we have m = 4, n= 3, = the reſt as be- 
fore ; then by Reduction it will become e =, for 


— 
cw-rging Rays; and for parallel Rays, where 4 is infinite, we 
hare — S =/; juſt tyice as large as in Glaſs 

Z on 


4s } * 
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on of a natural Eye, and exemplified by an artifi- 
cial one. 

Tur Eye is the noble Organ of Sight or Vifion 2 
t conſiſts of various Coats and Humours, of 
which there are Three remarkable, viz. (1.) The 
Aquzous or Watry Humour, which lies immediate- 
ly under the Cornea, and makes the Eye globular 
before. (2.) The Vitreous Humour, which is by 
much the greateſt Quantity, filling the Cavity of 


52. In an Hemiſphere of Glaſs, when the convex Side is Plate 
umd towards the Radiant, having r infinite, and : r, the XLV. 
Thexrem vil become EL = 5, the focal Diſtance of Fig. 15. 
3 4 
Wverging Rays ; but for parallel Rays it beeomes = 

53. If the plane Side of the Hemiſphere be turn'd to- 
wards the Radiant, the Theorem for diverging Tas will be 
bir þ 4re __ 6dr _ ESI 
7 r = 77 * for parallel Rays, „ 2 7 
7 which is 3 greater than before. 

54. In an Hemiſphere of Water, the convex Part being 


towards the Radiant, we have bi and for ya 
— r a 


all Rays it is 2” = . = But if the Radiant be op- 


4 
pod 00 the plane Side, then 37 =, greater by r than 
ore. ; 
55. We have hitherto conſider'd the of ſpherical 
ladies only, with reſpe& to their Power of refracting a Ray 
Light; let us now conſider the Nature of Refraction in 
bodies whoſe Figures are derived from the Curves of the Co- 
i Sections. In order to this, let DB KC be an Bllipſis, DK Fig, 16. 
u tranſverſe Axis, H, I, its two Foci, and AB a Ray of Light 
prallel to the Axis be incident on the Point B. Let BE be 
i Tangent in the ſaid Point, and LG drawn perpendicular to 
Tangent through the Point B; join HB and IB; make 


the 


. — r 


Incidence to that of — cen pr Rays AB, fal- 
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the Eye, and giving it the Form of a Globe or C 
Sphere. (3). The Cryſtalline Humour, ſituated WM very 
between the other two, near the Fore- part of the Wl {in 
Eye, and is the immediate Inſtrument of Sight; ¶ upo 
for being of a lenticular Form, it converges the Wl and 
Rays, which paſs through the Pupil, to a Focus Wl © 
on the Bottom of the Eye, where the Images of I Mir 
external Objects are by that means form'd and te- in a 
preſented (CXX VT). und 


AB=IB, and from the Points A and I let fall the Perpen- 
diculars AL, IG, on the Line LG; produce IB to O, and 
draw HO parallel to LG. 

6. Then in the ſimilar Right angled Triangles ALB, 
ING, we have een becauſe 
AB= IB. ut IB: NI :: 10: IH, becauſe of the ſimilar 
Triangles BNI and OH I. Again, the Angle HBG = 
GBI from the Nature of the Curve; whence G BI = HOP 
(= HBG) = BHO; therefore the Triangle HBO is 166- 
ſceles, or BH BO. But IB+ BH DK, fer Cid; 
therefore 4 BO = IOS = DK. Conſequently, AL: 
IG (:: II: NI:: 10: IH] :: DK : IH. 

57. Since LG is perpendicular to dhe Tangent or Ce 

rr tis evident that A L is the Sine of Incidence, 
= — 2 —＋ If 


ing on every Point B of its Surface, will be refracted to the 
remote Focus I. 

58. After the ſame Manner we for the Hyperbols 
Comid; but as Lenſes made — IO 
ficult to work, and are likely never to be of Uſe, (fince the 

Defect of theſe Glaſſes is owing to quite a different 
, as we ſhall ſhew in the next Annotation) I ſhall fay vo 
more of them here, but refer the inquiſitive Reader to the 
Dieptrics of M. Des Cartes, who treats largely of this Sub- 


 (CXXVP . 1 to exhibit a juſt Idea of the #* 
Theory of Vifton, I ſhall here give a more exact and particular 
OvER 
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WM Ovrx all the Bottom of the Eye is ſpread a 
very fine and curious Membrane, call'd the Re- 
ina, which is an Expanſion of the Optic Nerve; 
upon which the Images of Objects being painted 
nud impreſs' d, they are by that means convey ' d 
Jo the Common Senſory in the Brain, where the 
Mind views and contemplates their Ideas; but this 

in a Manner too myſterious and abſtruſe for us to 

underſtand. 1 


Deſcription of the Ex and of its ſeveral Parts, with an Ac- 
count or Calculation of the various Refractions of the Rays 
of Light through the ſeveral Humours, for forming the 
images of Objects on the Retina at the Bottom of the Eye. | 

2. To this End I have here repreſented a SeQtion of the | 
Human Eye in its true or natural Magnitude, which conſiſts of | 
two Segments of two different Spheres, wiz. one larger, as Pl. XLV. 
DNB, and a leſſer BIB. The larger Segment conſiſts of Fig, 17. 
three Tunics or Coats, of which the outmoſt is of a hard, 
thick, white, opake Subſtance, call'd the Scicrutica, as BNB. | 
Within this is another thin, ſoft, and blackiſh Tunic, call'd | 
the Choroides ; which ſerves as it were for a Lining to the | 
other, or rather as a delicate Stratum for the third Tunic 
all'd the Retina, which is a curious fine Expanſion of the Op- 
dos, YZ over all the larger Segment of the Eye, every 
Way to BB. 

3. The lefſer Segment conſiſts of one Coat or Tunic, 
cll'd the Cornea, as reſembling a Piece of tranſparent Horn; 
this is more convex than the other, and is denoted by BIB. 
Within this Coat, at a ſmall Diſtance, is placed a circular Di- 
zphragm, as Bo, Bo, call'd the Uvea, or ris, becauſe of the 
different Colours it has in different Eyes. In this is a round 
Hole in the Middle call'd the Pupil, as es, which in ſome 
. Figure, viz. oblong, as in Cows, 

„Ec. 

4. As the Cornea by its Tranſparency admits the Light to 
enter the Eye, ſo the Pupil is deſtined to regulate the 
ity of the Rays that ought to enter the interior Part of the 
Lye for rendering Viſion diſtin, and the Images of Objects 
properly illumined. To this Purpoſe it is compoſed of two 

is of muſcular Fibres, viz. one of a circular Form, whi 
'7 corrugating, contradt or dimipiſh the Pupil; and che other 
1 | Tan 
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Tux Cryſtalline Humour is of ſuch a Convexity, Wl ch. 
that in a ſound State of the Eye its Focus falls ¶ cid 
preciſely on the Retina, and there paints the Ob- ¶ Ey 
Jets; and therefore Viſion is not diſtin, unleſs Wl 6 « 
by Rays which are parallel, or nearly ſo; for WM tric 
thoſe only will have their Focus at the Bottom of 
the Eye: Now Rays proceeding from any Point ¶ De: 
more than 6 Inches diſtant from the Eye, will, WM line 


is an Arnulus of radial Fibres, tending every where from the 8 
Circumſerence BB of the Crea to the Center of the Pupil, and 
2 by contracting, dilate and enlarge the Pupil of the kye 

Je. 8 en 
$. Immediately within the Uvea is another Aunulus of n. the | 
dial Fibres, which on the extreme Part is every where con- 9 
nected with the Cara, where it joins the Scleretica at BB; nd 
and on the other Circumference it is connected with the an- beer 
terior Part of the C:p/ula including the Cryſtalline Humour; of } 
and is call'd the Ligamentum Ciliare, and ſometimes the Pr. Mea 
ceſſus Ciltares, and is denoted by Ba, Ba. 

6. The Bulk or Body of the Eye is made up of three Sub- 
ſtances, commonly call d Humours, viz. the Aqueous, the C- 
flaliine, and the Vitreour, The Aquicus Humour is properly 
ſo call d, being every Way like Water, in reſpect of its Con- 
ſiſtence, —— ſpecific Gravity, and refractive Power. 
It is contain'd between the Cornea and the Ligamentum Ciliart, 
as BIB B. This Humour gives the 22. Figure to 
15 Cornea, which makes the firſt Reſraction of the Rays of 

ight. 

7. The ſecond Humour (improperly ſo call'd) is the Gy 
falline, having its Name from reſembling Cryttal in Clearne6 
and Tranſparency. It is denoted by GKHL, and is in 
Form of a thick Lens unequally convex, whoſe anterior Sur 
face G K H is the Segment of a larger Sphere, and irs poſte- 
rior Surface GL H the Segment of a lefſer. This Humour 
is of a ſolid Confiſtence, and very little exceeds the ſpecibc 

ity of Water, viz. in the Proportion of 11 to 10 nest. 
ly, as I have often found by Experiment. It is contain d 
within a moſt delicate Tunic or Capſula, call'd Arachncide, 
every where pellucid as the Cryſtalline itſelf. This natural 
Lens condaces molt to the Refraction and Convergency of tht 
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When 


the 


; 2” =. 
©» — 


2322 


oO oo 3. OR. 


— 
— 


. 


KR RO . Kr 1 


Oe rles. 


when they enter the Pupil, be very nearly co- in- 
cident with parallel Rays; and therefore to a ſound 
Eye diſtinct Viſion cannot be effected at leſs than 
6 or 8 Inches Diſtance, as is evident to any who 
tries the Experiment. 49d] 

SINCE then there is a certain and determinate 
Degree of Convexity in the Cornea and Cryſtal- 
lne Humour, for forming the Images of Objects 


8. The third Humour is the Vitreous, (being clear as Gaſs) 
ad is largeſt of all in Quantity, filling the whole Orb of the 
Eye BMB, and giving it a globular Shape. This Humour 
v exacily like the White of an Egg, and but a little exceeds 
ue ſpeciic Gravity and refractive Power of Water. 

9. We proceed now to give the Dimenſions of the Eye 
ad its ſeveral Parts, (in order for Calculation) as they have 
been determined by actual Meaſurement in a great Number 
of human Eyes with the greateſt Care and Exattneſs. Theſe 
Meaſures are expreſs d in Tenths of an Inch, as follows. 

- | _ Tenths. 
The Diameter of the Eye from Outſide 

to Outſide, taken at a Mean from fix > IN == 9;4 

adult Eyes, 1 
The Radius of Convexity of the Cornea, BIB = 3, 3294 
The Radius of Convexity of the anterior | 

_ of the Cryſtalline, from twenty- ( GKH= 3, 3081 

E es, IT” | 
The Radivs of Convexity of the hinder ) 
Surface, from the ſame Eyes, at a GLH = 2,5056 
— ——, y_ CO. OO. ; 
Er of the Cryſtalline, from? K L __ 1,8525 
The Thicknels of the Crna and Adee 1K 
ous Humour together, 7 | — 1,0358 


10. Moreover, it is found by Experiment, that the Ratio 
of Refraction at the Corfea J is as 4 to 3, being the fame 
vith that of Air into Water; the Ratio of Refraction at K as 
13to 12, and at L as 12 to 13. Theſe Things iſed, 
let AX be the Axis of the Eye, and E D a Ray parallel there- 
to, and incident on the Carnea very near it at D; we are to 
determine the Foci of the ſeveral RefraQtions of this Ray as 


lac ſ#Veral Surfaces I, K, and I. 
2 on 
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on the Retina; if it happens that the Convexity 
of thoſe Parts ſhould be more or leſs than ju, 
the Focus of Rays will fall ſhort of, or beyond 


the Retina, and in either Caſe will cauſe ind iſtind 
Viſion, The firſt is the Caſe of ſhort-ſighted © 


purblind People; the latter of the Aged. 


A purblind Perſon, having the Convexity of the 
Eye and Cryſtalline Humour too great, will have 


11. The firſt Focus is determin'd by the Theorem (in 4 
not. CXXV. Art. 27.) ———— ; for ſuppoſing all be- 
hind the Cornea BIB were the Aqueous Humour continued, 
then ſince in this Caſe M 4, #8 = 3, r = 3,3294, and 4 
infinite, we have f= 4r = 13,3176 = IQ, the focal Dl. 
ſtance from I by the firft Refiaftion. 

12. The Ray tending by this means from D to Q falls cor- 
verging on the anterior Surface of the Cryſtalline Humour 
at 8. We maſt now find the Focus of the converging Ne 
DS refracted through a Medium every where the ſame wit 
the Cryftalline Humour. This we do by the ſame Theoren; 
for at K we have ::: 13: 12, and y = 3,308, and 10 
IK = 12,2818 = KQ =4, the Diſtance of the Radiat 
Q from the Point K; but 4 is in this Caſe negative, or —/, 


. _ _— mdr A * 
1 — = f = 10,06 = 


KP, the new focal Diſtance from K, by the ſecond B+ 
13. The convergin ing from 8 to P is intercepted by the 
hinder 83 Cryſtalline at T, and meeting tber 
with a Medium of different Denfity, and a concave Surſac, 
is again refrafted by it; and here we have :: 12:15 
22 alſo the Radius 7 is negative, as well as 4 1 
it i —r = 2;5056, and —- = KP—EL=LPz 
| Een 

8,31; therefore the Theorem is TW 

12 fl 18 2 

Ir SEL 6,112, the laſt focal reds 


14. The Point M therefore is that in which parallel Ry 
ED are collected within the Eye, and where the Images 
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the Rays united in a Point before they reach the 
Bottom of the Eye, and conſequently the Images 
of Objects will be form'd, not upon the Retina, 


Humour, and therefore will appear indiſtinct or 
confuſed. | | 

Tuis Defect of the Eye is remedied two Ways, 
vis, (1.) By diminiſhing the Diftance between 


remote Objects are form d. The Diſtance of this Point from 
the Cornea is IM = IK + KL+LM=1,036+ 852+ 
6,112=9. Then IN —IM=9,4—9g=0,4=NM. 
Now the Thickneſs of the Scleratica is by the Mi 
found to be very nearly 0,25 ; then 0,4 — 0,25 , 15 
which is much about equal to the Thickneſs of the Choroides 
and Retina together. e wwe fee the Forms and refractive 
Power of thoſe {.cveral Humours are ſuch as nicely corverge pa- 
rallel Rays to a Focus upon the Retina in the Bottom of the Eye. 
15. From hence it follows, that fince parallel Rays only 
have their Focus upon the Retina, they alone can paint an 
Image there diſtinctly, or produce a diſtinct Viſion of an Ob- 
ect. If therefore the Object be ſo near, that the Rays from 
any particular Point come diverging to the Pupil, = will 
neceſſarily require a greater focal Diftance than I M, and 
therefore, as the Rays are not united upon the Retina, that 
Point cannot be there diſtinctly repreſented, but will appear 


ie Pupil of the Eye, then any other two Ray's 
hough really diverging, yet as the Point C, whence they 
roceed, is remote from the Eye, they will at the Entrance 
of the Eye be fo nearly coincident with the parallel Rays, 
as to have nearly the ſame focal Point on the Retina; whence 
ie Point C will there be diſtinctly repreſented by c. But if 
y other Point E be view'd very near the Eye, ſo that the 
ngles E B A which they contain with the parallel Rays be 
ery conſiderable, they will after Refraction tend towards a 
ont / in the Axis of the Eye produced, and upon the Re- 
na will repreſent only a circular indiftin& Area like that at «, 
boſe Breadth is equal to a, the Diſtance of the Rays upon 
ie Retina. The fame Point ag D will not be quite {o wack 


the 


(as they ſhould be) but above it in the Glaſſy 


16, Thus if AB, AB, are two parallel Rays falli Plate 
1 CB, EB, I. 


Fig. 1. 


| 
| 
| 


| 
| 
| 
| 
| 
| 


256 OrT1cs. 


the Object and the Eye; for by leſſening the Di. 
ſtance of the Object, the Diſtance of the Focus 
and Image will be increaſed, till it falls on the 
Retina, and appears diſtinct. (2.) By applying 
a concave Glaſs to the Eye; for ſuch a Glaſs 
makes the Rays paſs more diverging to the Eye, 
in which Caſe the Diſtance of the Focus will be 
alſo enlarged, and thrown upon the Retina, where 
diſtinct Viſion will enſue. 


dilated and indiſtinct; the Rays DB, D B, having a leſs De- 
gree of Divergence. 

17. It is found by Experience, that the neareſt Limit of 
diſtin Viſion is about fix Inches from the Eye; for if a Book 
be held nearer to the Eye than that, the Letters, and Lines 
will immediately become confuſed and indiſtinct. Now this 
Cauſe of indiſtin& Viſion may be in ſome meaſure remedied 
by leflening the Pupils, which we naturally do in looking at 
near Objects, by contracting the annular Fibres of the Uvea; 
and artificially, by looking thro' a ſmall Hole made with 2 
Pin in a Card, &c. for then a ſmall Print may be read much 
nearer than otherwiſe ; the Reaſon is plain, for the lefs the Di- 
ameter of the Aperture or Pupil BB, the leſs will the Rays 
diverge in coming from D or E, or the more nearly will they 
coincide with parallel Rays. 

. 18. Beſides the Contraction of the Pupil, Nature has fur- 
niſh'd the Eye with a Faculty of adapting the Conformation 
of the ſeveral Parts to the reſpeRive Poſitions of Objects as 
they are nigh or more remote ; for this Purpoſe, the Cornea 
is of an elaſtic irs, Subſtance, . and the Cryſtalline is in- 
+ cloſed with a little Water in its Cagſula, that by the Con- 
traction and Relaxation of the Ciliary Ligament, the Con- 
yexity of both the Surfaces of the Capſala may be a little 
alter d, and perhaps the Poſition of the Cryſtalline, by which 
means the Diſtance from the Retina may be fited and adjulicd 
to nigh Objects, ſo as to have their Images very diſtinet y 
form'd upon the Retina. | 

19. I have mention'd z;gh Objects only, (by which I mean 
ſuch as are near the Limit of diſtin& Viſion, as between {ix 
and a hundred Inches Diſtance) becauſe Objects more remote 
require ſcarce any Change of the Conformation of the Eye. 
the focal Diftance in them varying fo very little. Thus ſup- 
| ; HzxNcE 
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Hr ver the Uſe of Concave Spectaclel: And 
the Myops or purblind Perſon, who uſes them; 
has the three following Peculiarities, vix. (1.) To 
him Objects appear nearer than they really are, or 
do appear to a ſound Eye. (2.) The Objects ap- 
pear leſs bright, or more obſcure, to them than 
to other People, becauſe a leſs Quantity of Rays 
of Light enter the Pupil. (3.) Their Eyes grow 
poſe all the Refractions of the Eye were equivalent to that 


of a double and equally convex Lens, whoſe Radius = 1 
lach; if then the Object were io Inches diſtant, or 4= 10; 


we ſhould have the focal Diſtance f = 1 
„111113 and if another Object be diſtant 100 Inches, then 


n 
dr 100 | ; 
ioo, and f= ——=— =X=a o,r0101, The Dif- 


d —r 
ference between theſe two focal Diſtances is but 0,0101, wiz. 
the hundredth Part of an Inch, which the Eye can eaſily pro- 


vide for. If we go beyond this, ſuppoſe to an Object 1000; 


Inches diſtant, we have F= - = 6,footoor; which is 
. | 


only a thouſandth Part of an Inch leſs than the former, and 


is therefore inconfiderable. 

20, We have ſeen the natural Limit of diſtin Viſion for 
nigh Object; we ſhall now confider what the Limit on the 
other hand may be for renate Objeds ; for Objects may ap- 
pear indiſtinct and confuſed by being removed too far from 
the Eye, as well as when they are too near it. And in this 
Caſe we find Objects will appear diſtin ſo long as their Parts 
are ſeparate and diſtinct in the Image form'd. on the Retina. 
Thoſe Parts will be ſeparate ſo long as the Axes of the Pen- 
cils of Rays which paint them are ſo at their Incidence on 
the Retina; that is, ſo long as the Angle they contain is not 
leſs than oe Tenth of @ Degree ; for it is found by Experience 
that Objects and their Parts become indiſlinct when the Angle 
— ſubtend at the Pupil ef the Eye is leſs than that Quan- 

ty, | 9 

21. Thus ſuppoſe OB be à Circle % of an Inch Diame- 
ter, 1t will appear diſtin& with its central Spot till you recede 
o the Diſtance of 6 Feet from it, and then it becomes con- 
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fuſed ; and if it be ; of an Inch, it will begin to be confuſed Fig 7 
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better with Age; for whereas the Fault is t99 
great a Convexity of the Eye, the Aqueous: Hu- 
mour, and alſo the Cryſtalline, waſting with Age 
will grow flatter, and therefore more fit to vicw 
diſtant Objects. 1 rg 

Tu other Defect of the Eyes ariſes from a 
quite contrary Cauſe, vi. the Cornea and Cyſtal- 
line Humour being too flat, as is generally the 


. 


at 12 Feet Diſtance, and ſo on in which Caſes the Angle 
ſubtended at the Eye, wiz. QAR,: is about e of a Degree, 
or 6 Minutes. And thus all Objects, as they are bigger, ap- 
pear diſtin at a greater Diltance ; a ſmall Print will become 
confuſed at a lefs Diſtance than a larger; and in a Map of 
England the Names of Places in ſmall Letters become firſt in- 
diſtin, where thoſe in Capitals are very plain and legible ; 
at a bigger Diſtance theſe become confuſed, while the ſeveral 
Counties appear well defined to a much greater Diſtance. 
Theſe alſo at laſt become ſo indiftin& as not to be known one 
from another, when at the fame Time the whole Ifland pre- 
ſerves its Form very diſtinctly to a very great Diſtance ; which 
may be ſo far increaſed, that it allo at laſt will appear but a 
confuſed and unmeaning Spot. 

22. We have ſeen the Cauſes of indiſtinct Viſion in the 
Objefts, and ſhall now enquire what may produce the ſame in 
the Eye itſelf. And frit it is to be oblerved, that there is 2 
PI.XLVI. proper Degree of Convexity in the Cornea K PL, and Cal. 
Fig. 3. ia ST, for converging parallel Rays to a Focus on the Bot- 
; tom of the Eye in a ſound State; hence every diſtant Object 
OB will have its Image IM accurately depicted on the R- 

tina, and by that means produce diſtinct Viſion. 

23. But if the Crea K PL, or Cryſtalline 8 T, or both, 
ſhould chance to be a little more convex than juſt, it will 
cauſe the Pencib of Rays «Co, which comes to the Pupil os, 
from any Point C in the Object O B, to unite in a Focus be- 

Fig · 4 fore they arrive at the Retina in the Bottom of the Eye; the 
e IM of the Object OB will be form'd in the Body of 
the Vitreous Humour, and will therefore be very confuſed 
and indiſtinQ on the Retina at in. A Perſon having ſuch an 
Eye is call'd a Myops, in Allufion to the Eye of a Mouſe, b/ 
reaſon of its great Convexit yx: 

24. To temedy chis Defe& of che Eye, a concave Lens 

9 f 1 S347 e. | 
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Caſe of an old Eye. This Defect is remedied by 
Convex Lenſes, ſuch as are the common SpeFacles, 
and Reading Glaſſes. For ſince the Rays, in theſe 
Eyes, go beyond the Bottom of the Eye, before 
they come to a Focus, or form the Image; a con- 
vex Glaſs will make the Rays fall more converging 
to the Pupil, and on the Humours, by which 
means the focal Diſtance will be ſhorten*d, and 


Ep is applied before it; ſor by this means the Rays Ca, C5, 
which fall diverging on the Lens, will, after RefraQtion 
through it, be made to proceed ſtill more diverging, ix. in 
the Direction ar, br, (inſtead of as, bs, as before) as i they 
came from the Point C inſtead of C. All which is plain from 
the Nature of 4 concave Lens above defcribed. 

25. Hence it follows, that ſince the Rays are made to fall 
with greater Divergence upon the Eye, they will require a 
greater focal Diſtance to be united in the Axis, and conſe- 
quently the Focus may be made to fall very nicely on the Re- 
tina, by uſing a Lens EF of a proper Degree of Concavity ; 
and therefore diſtinct Viſion will be effected in the ſame Man- 
ner as in an Eye of a juſt Conformation, by painting the 
he Image on the Retina. > 

* 26. Since the Point C is nearer to the Eye than the Point 

T C, the apparent Place of Objects ſeen through a concave Lens 

41 is nearer than the ue Place; or the Object will appear at 

ot OB, inſtead of OB. And alſo fince converging Rays Os; 

ect B, proceed leſs converging after Refraction than before, the 

Re Object appears under a leſs Angle, and therefore the apparent 

Magnitude of Objects ſeen by a concave Lens is leſs than 
oth, Wl de true. 7 | 
will 27. The Object is leſs luminous or bright ſeen through 

00, ſuch a Lens than without it; becauſe the Rays being render'd. 

be- more divergent, a leſs Quantity enters the Pupil of the Eye 
the than other iſe would do. But the Picture is always more or 

y of bes bright or enlighten d. according us it is made by a greatet 

uſed ar leſs Quantity of Rays. | 0 6 ; 
28. Laſtly, it appears from what has been ſaid, that when 

1 concave Lens EF cannot be applied, we may ſtill effect 

ullindt Viſion by leſſening the Diſtance between the Object 

and the Eye; for it is plain, if OB be ſituated at OB, the 

image at LM will recede to im upon the Retina, and be di- 
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adjuſted to the Retina; where diſtinct Viſion of 
Objects will then be effected. 

By convex Spectacles Objects appear more 
bright, becauſe they collect a greater Quantity of 
Rays on the Pupil. And they appear at a greater 
Diſtance than they are; for the nearer the Rays 
approach to parallel ones, the more diſtant the 
Point will be to which they tend. 


ſtinct, in the ſame Manner as when made ſo by the Lens EF. 
29. On the other hand, when the Cornea or Cryſtalline is 
too flat, (as often happens by Age) an Object OB, placed at 
the ſame Diſtance from the Eye PC as before, will have the 
Rays Co, Co, after Refraction in the Eye proceed to a Focus 
the Bottom of the Eye, in which if a Hole were 
made (in an Eye taken out of the Head) the Rays would 
actually go on, and form the Image i; which Image mult 
therefore be very confuſed and indiftin& on the Retina. 
o. To remedy this Defeft, a convex Lens GH is ap- 
ed, which cauſes the diverging Rays Ca, C5, to fall lefs 
diverging upon the Eye, or as if they came from a Point 
more remote, as C; by which means the focal Diſtance is 
ſhorten'd, and the Image duly form d on the Retina at IM, 
by which diſtinct V ifion is produced. 
3. Hence the apparent Place of the Object is at C, more 
than the true Place at C;; and its apparent Magnitude 
838388 than the true, becauſe the converging Rays 
Oa, Bb, are by this Lens after Refraction made to unite 
ſooner than before, and ſo to contain an Angle OP greater 
than the true OPB. ' The Object appears through a convex 
Lens brighter than without, becauſe by this means a — 
Quantity of Rays enter the Pupil; for the Rays ao, bo, are 
by the Lens made to enter in the Directions ar, br, which 
are nearer together, and leave Room for more to enter the 
Pupil all around between's and :?: | 
32. As the Image of the Object painted on the Retina i; 
or leſs; ſo will che apparent Magnitude of the Odject 
likewiſe ; or, in other Words, the Angle IPM ſubtended 
by the Image is always equal to the Angle OP B ſubtended by 
the at the Eye; and therefore the Image IM will be 
always pro to the Object OB. Hence it follows, 
that the Angle OP B under which an Object appears is the 
Mcefore of its apparent Magnitude. * ; 
| HA 
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I Have already obſerved, that if the Object be 
placed nigher to the convex Glaſs than its Focus, 
it will appear erect and magnified; which makes 
them of ſuch general Uſe as Reading Glaſſes. 

Ir an Object be placed in the Focus of a con- 
yex Lens, the Rays which proceed from it, after 
they have paſs'd through the Glaſs, will proceed 
parallel; and therefore an Eye placed any where 


33. Therefore Objects of different Magnitudes, as OB, 
AC, DE, which ſubtend the ſame Angle ac the Eye, have 
the ſame apparent Magnitude, or form an equal Image in the 
Bottom of the Eye. Hence it is that Objects at a great Di- 
ſtance have their Magnitude diminiſh'd proportionally : Thus 
the Object DE removed to DE appears under a leſs Angle 
DP E, and makes a leſs Image on the Retina, as is ſhewn by 
the dotted Lines. 

34. The Angles of apparent Magnitude OAB, OCB, 
when very ſmall, are as their Sines, and therefore as the Sides 
OC and OA, or BC and BA; that is, the apparent Mag- 
titude of the Object OB, at the Diſtances BC and BA, is in- 
verſely as thoſe Diſtances ; or its Magnitude at C is to that at 
Aas AB to CB. | Pp 

35. The more directly any Object is ſituated before the 
Eye, the more diſtinctly it will appear; becauſe thoſe Rays 
oaly which fall upon the Eye near its Axis can be convened 
toa Point in the Bottom of the Eye on the Retina, and there- 
fore that Part of the Image only which is form'd by the di- 
rect Pencil of Rays can be clear and diſtinct; and we are ſaid 
to ſee an Object by ſuch a Pencil of Rays, but only to Hat at 
it by the others which are oblique. | 
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36. Suppoſe A, B, C, repreſent three Pieces of Paper Plate 
ſtuck up againſt the Wainſcot of a Room at the Height of the XLVI. 
Eye; if then a Perſon places himſelf ſo before them, and Fig. 8. 


ſhutting his Right Eye views them with his Left, it is very 
remarkable that the Paper B, whoſe Pencil of Rays falls upon 
the Inſertion D of the Optic Nerve DE, will immediately 
vaniſh or diſappear, while the two extreme Papers C and A 
are viſible ; and by altering che Poſition, of the Eye, and its 
Diſtance, any of the Papers may be made to vaniſh, by 
Cauſing the Pencil of Rays to fall on the Point DP). 

37. Why the Rays of Light ſhould not excite the Senſa- 
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in the Axis will have the moſt diſtint View of 
the Object poſſible; and if it be a Lens of a ſmall 
focal Diſtance, then will the Qbje& appear as 
much larger as it is nearer, than when you view 
it with the naked Eye. And hence their Uſe as 
Single Microſcopes : To give an Inſtance of which, 
ſuppoſe the focal Diſtance of a Lens were one 
Tenth of an Inch, then will the Diameter or 


tion of Viſion in that Point D where the Fibres of the Nerves 
gin to ſeparate and expand every way to form the Retina, 
cannot tell. But tis highly worth our Notice, that the 
Nerve DE is for that Reaſon placed on ore Side of the Eye, 
where only the oblique Rays come, the Loſs of which is not 
conſiderable, and no way affects or hinders the Perfection of 
Sight. Whereas had ic enter'd in the Middle of the Bottom 
of the Eye, it had render'd uſeleſs all the direct Rays, by 
which the moſt perfect and diſtinct V iſion is effected; and we 
could have had only a confuſed and imperfect Perception of 
Objects by oblique collateral Rays. How glaring an fnflance 
is this of Contrivance and Deſign in the Conſtruction of this 
admirable Organ! _ 
38. I ſhall conclude this Head with obſerving, that the 
Nature of a Reading-Glafs is the ſame with that of common 
Spec acles ; only in the latter Caſe we uſe a Lens to each Eye, 
but in the former one Lens is made large enough for both. 
Alſo in the Uſe of them we have different Ends to anſwer ; 
for by Speftacles we only propaſe to render Objects diſtin 
at a given Diſtance, but the Reading Glaſs is applied to mag- 
nify the Object, or to render the reading of a ſmall Print ve- 
ry eaſy, which otherwiſe would be apt to ſtrain the Eye too 
much. Therefore the Size of a Leus for Spectacles is not 
required larger than the Eye; but that of a Reading-Glaſs 
ought to be big enough to take in as large a Part of the Ob- 
ject, at leaſl, as is cqual to the Diſtance between both the 
Eyes. | 
Phate — In the Reading Glaſs ECD the Object or Print A B is 
XLVI. always nearer to the Glaſs than its Focus F; becauſe in this 
Fig. 9. Caſe it is neceſſary the Image or magnified Print G H ſhould 
; be ere, and on the fame Side of the Glaſs with the Object; 
dr | 


that is, the Diſtance 4 is negative in the Equation = 


dr 


Length 
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Length of an Object appear 60 times larger than 
to the naked Eye at 6 Inches Diſtance: Alſo the 
Superficies of an Object will be 3600 times lar- 
ger; and the whole Magnitude or Bulk will be 
216000 times larger than to the naked Eye it 
will appear at the aboveſaid Diſtance (CX XVII.) 


Hence the Pencil of Rays AED, proceeding from any Point 
A, will after Refraction through the Lens be divergent, but 
leſs ſo than before, and therefore will ſeem to come from a 
Point G. Thus alſo the Point B will be referr'd to H, and 
the Print at GH will be magnified in Proportion of GC to 
AC. All which is evident from the latter Part of the laſt 


Annotation, 


(CXXVTI) 1, I ſhall here give a ſuccin& Account of every 
Sort of Microſcope, with reſpe& to their Nature and Theo- 

. Microscoyes are diſtinguiſhable into two Kinds, viz. 
Dioptric by Refraction, and Catoptric by Reflection; and each 
of theſe is either Single, as conſiſting of one Glaſs only, or 
Compounded of two or more. 

2. A Sinclte Microscors, of the Dioptric or Refracti Plate 
Sort, is either a Lens or a Spherule. Thus if any Object a XLVIL. 
be placed in the Focus c of a ſmall Lens ACB, the Rays Fig: 1. 
proceeding from thence will after RefraQtion go parallel to 
the Eye at I, and produce diſtinct Viſion; and the Object 
will be magnified in the Proportion of 6 Inches to the foczl 
Diſtance Cc, according to the Example above. 

3. Again; if an Object ab be applied to the Focus c of a Fig. 2. 
Spherule AB, it will produce diſtin Viſion thereof by means 
of parallel Rays, {by Aunot. CXXVI. Art. 15.) and it will 
appear under an Angle equal to DCE, and be magnifed in 
Proportion of 6 Inches to the focal Diſtance Cc from the 
Center. And here it is remarkable, that if the focal Diſtance 
of the Lens and Spherule be the ſame, the Object will be 
three times farther diſtant from the Lens than from the Sphe- 
rule, becauſe C D the Semidiameter of the Sphere is J of Cc, Fig. 3. 
the Diſtance of the Lens AB; conſequently an Object is 
view'd by a Lens to a much greater Advantage than by a 
Sphere, in regard to the Light, &c. 

4. A Single Microſcope of the Catoptric Kind is a ſmall 
concave Mirrour, as ADB, having the Object a6 placed be- 
fore it, nearer to the Vertex than its Focus F. In that Caſe 
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Plate 
XLVIII. 
Fig. 1, 2. 


Plate 
XLVII. 


Fig. 4. 


Fig 6. 


Or T1ics; 


Compounr Microſcopes, eſpecially the com- 
mon Sort, are conſtructed with three Glaſſes, viz, 
the Object-Lens de, and two Eye-Glaſſes DE 
and G H. The Object 4 4c being placed at a 
little more than the Focal Diſtance from the 
Lens dee, will have its Image form'd at a 


the Image I will be form'd behind the Speculum, very 
large, ere&, and diſtin, as has been already ſhewn. Such a 
Speculum is of admirable Uſe to view the Eye; for being 
turn'd to the Light, the Lea or [rir, the Pupil, the Cornea, 
and all the viſible Part of the Twnica Allgginca, with the fine 
Ramikications of the Blood-Veſlels, and Fart of the Glandula 
Lachrymalis, are all by this means greatly magnified, and ren- 
der d curious Subjects of our Sight. 

5. Alſo if the Object ab be placed any where between the 
Center C and Focus F of the ſaid ſmall Speculum AB, then 
will its Image 727 be form'd at à great Diſtance from the 
Glaſs, and may be made to bear any aſſign'd Proportion to 
the Object, by placing the Object nearer to or farther from 
the Focus F: But for common Objects the Room ought to 
be dark, or the Object extremely lucid, as a Candle, c. 
But more of this when I come to ſpeak of the Solar Micro- 
ſeepe. | | 
6. The next Sort of Single Microſcope is a Cata-dioptric 
one, Which performs its Effect by Reflection and Refraction; 
the Theory of which being curious, I ſhall give the Reader 
as follows. DBLH is a Globule of Water; and it was ſhewn 
that an Object Aa, placed in its Focus A, would be ſeen di- 
ſtinct and magnified by reſracted Rays ABDE. (See Art. 3.) 
Now tis evident we may conſider the Ray BD either as the 
refracted Ray of AB, ot the reflected Ray of FB, the Angle 
CBF being equal to the Angle CBD; and fince in each 
Caſe the Kay BD is at D refracted into DE parallel to the 
Axis GK, it follows, that, diſtin Viſion will be produced of 


an Obje&t F/ placed in the Focus by RefleQion F within the 


Drop, as the Obje&t Aa in its Focus A by Refraflion with- 
ear... '.rT * We | 
7. In order to determine the focal Diſtance, IF by Refle- 


"tion from the Concave BI, for con verging Rays Db, we 
haye HK = HC, or 4IC, (by Amar, CXXV.) whence 
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greater Diſtance on the other Side, and propor- 
tionably large, as at MN; which large Image is 
contracted into one ABC ſomewhat leſs, by the 
lower Eye-Glaſs DE ; and this Image is view'd 
by the Eye through the upper Eye-Glaſs G H; 
where it alſo diſtinctly views the MickouETER 


/, (in the ſame Annotation.) Alſo becauſe the reflecting Sur- 
face is here concave, and the Rays converging, the Theorem 
will hecome —=—— = = 5 Sr; whence 
CF r. Alſo it has been ſhewn that AI IC, or CA 
= 2r; and therefore CF: CA:: J: 2 :: 3: 10 :: 1: 34. 
. And ſince the ſame Object will appear as much larger 
at F than at A, as the Angle FCF is greater than A Ca, or 
the Diſtance CA greater than CF, it follows, that an Object 
in a Globule of Water ſeen by Reflection is magnified 34 
times more than it would be in the Focus A by RefraQion. 
Suppoſe then CA = + of an Inch, then will CF'= S of 
an Inch; and therefore, fince 6: 3 :: 100 : t, it appears 
that the Diameter of an Object at the Focus F is ſeen 100 
times larger than at the Diſtance of 6 Inches from the Eye. 

9. In a Glaſs Globule, HK = zr, IK=1,5r = 4; 
and the Theorem ———- = ir IF; whence 
CF =:. And becanſe IA Ar, we have CA=3r; 
conſequently, CA: CF :: 3:4 :: 24 : 1 ; that is, an Object 
is magnified 23 times more at the Focus F within, than at the 
Focus A without a Glaſs Globe: And hence it appears, that 
equal Globes of Glaſs and Water magnify by Reflection in 
Proportion of 24 to 34. Alſo becauſe CF = in Water, 
and CA = + when the ſame Globe is Glaſs, it appears that 
Objects are magnified in the Water Globule more than when 
ſeen through the Glaſs Globule in the Proportion of 4 to }, 
or 24 tO 1. | PD i | r 

10. A DousLs MicgoscoPt is compoſed of two convex 
Lenſes, viz. an Objet and an Ocular Lens. The Objet Plate 
Lens is df, placed a little farther diſtant from the Object ab, x LVII. 
than its focal Diſtance ef; becauſe then its Image AB will Fig. 7. 
be form'd at che required Diſtance eC ; and as ec: e C :: 
ab: AB. If this Image AB be view'd by a Lens DF placed 
at its focal Diſtance from jt, it will appear diſtinct, becauſe 
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op, paſſing over a minute Part of the Image in 


meaſuring it. But what is farther neceſſary in the 
Theory and Structure of theſe Microſcopes may 
be found in my Micrographia Neva, together 
with a large Account of all Kinds of Microſcopic 
Objects, and a Deſcription of the Solar Micro. 


the Rays will thence go parallel to the Eye at I. 

11. Now the Object ab and the Image AB appear under 
equal Angles from the Vertex e of the Lens df; that is, the 
Angle aeb = AeB. But the Angle under which the Image 
is ſeen from the Vertex E of the Eye-Glak DE is BEA= 
DIF; therefore the Image view'd by the Eye-Glaſs is to the 
Object view'd by the Object Lens, as the Angle BEA to the 
Angle Be A, or as Ce to CE nearly. Suppoſe CE = 1 Inch, 
and Ce = 4 Inches, then will the Object be magniked 4 times 
in Diameter by the means of the Eye-GlaG DF; but it s 
magnified by the Lens df in Proportion of 6 Inches to ec, 
that is, if ec = 1 Inch, ſix times. Wherefore by both the 
Glaſſes the Diameter is magnified 4 x 6 = 24 times. 

12. But in this Caſe of a fingle Eye-Glafs, the vii Arta 
(call'd the Field of View) though larger than in the Lens de 
alone, yet is not ſo large as it may be render'd by the Addi- 
tion of a ſecond Eye-Glaſs, as GK; for by the Lens DF 
alone the viſible Area is equal to the Aperture of the aid 
Lens, becauſe no more of an Object or its Image can be ſeen 
than what is contain d between the Rays Dd and F/ parallel 
to the Aris; that is, the viſible Part of the Image is df = 
DF, and is {cen under the Angle DL F, (L being the Focus 
of the Lens DF, or LE = CE) and this is call'd the Optic 
Angle, or Angle of vifible Magnitude. 

1.3. But this Angle is greatly increaſed by the Addition of 
the Glas GK ; for letaK and bG be the Axes of two Pen- 
cils of Rays which come from the extreme Parts of the Object 
a and b, and falling diverging upon the Lens GK are re- 
fracted by it towards the Point O in the Axis of the Glaßß 

roduced. But in their Paſſage they are intercepted by the 
855 DF, which ręfracts chem to a Point I nearer the Lens 
* the Focus L; and therefore the Angle DIF is greater 


than the Angle DL F, and conſequently a larger Field of 


View 1s by this means obtain'd. 
14. To fiad in what Proportion the Angle DIF is greater 


than DLF, we muſt confider e as a Radiant Point, whence 


ſep 


c 


Or rles. 


ſcope. Yet, that the Reader may have an Idea of 
the two new Forms of Microſcopes deſcribed in 
that Book, I have here annex'd the Plates, viz. 
of the PocxeT and Universar Microgcoee 
reſpectively. 


the Pencil of Rays Ge K diverges to the Lens G K; then if 
He = 4, Ha = r Radius of the double and equally convex 
Lens GK, we have — the Focus aſter Re- 
fraction; and if He = p, then y—p EO d = Di- 
{tance ſor converging Rays K F and GD. And let r = Ra- 
ius of the le and equally convex Lens DF; then 


=f=BI= Er Wherefore LE: IE A T: 


— + ' : 
yr pr 5722 4 — 7 
3 anti 4 % Therefore, 
At — 


nen the ſeveral Quantities 4, 7, p, r, are given, the Ratio of 
he Angle D LF to that of the amplified Angle DIF is given 
ſo, | 
15. For Example; let He Ar 5 Inches, He r 
3.5. = HE =2, andr = EC=LE=1,;; then y = 
JS $0010 IP 275 * 

11,33; + —= ob SA, There- 
ore the Angle DLF:DIF:: IE: LE: 0,86: 1,5. There- 
ore the viſible Area by the ſingle Eye-Glaſs DF will be to 
he amplified Area by both the Lenſes GK and DF, as the 

uare of 0,86 to the Square of 1, 5; that is, as 0,7396 to 
2,25, or as 7396 to 22500; which Augmentation in the Ra- 
tio of 3 to 1 nearly is very conſiderable, and affords great 
Advantage and Pleaſure in viewing Objects. 
16. The magnifying Power of g Compound Microſcope 
1s thus computed : The Angle under which the Object ab ap- 
pears at the - Diſtance of 6 Inches, is to that under which it 
appears when ſeen through the Lens df, as ec to 6; where- 
fore the firſt Part of the compound Ratio of the magnifying 
Power will be 5 a 

ec 


- 


17. Let He be the focal Diſtance of the Lens GK, wich 
| Tur 


* 
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Tre Trrrscor is of two Sorts, viz. Dios 

PlateL. fric, or Refracting; or Cata-Dioptric, by Role. 
Fig. 8. Zion and Refraction conjointly. A refracting Te 
leſcope conſiſts of an Object-Glaſs xz, by which 

the Image f 4 of an Object OB, at a diſtance, ix 


the Radius He deſcribe the Arch ca, and draw aH; this wil 
be the Axis of all the Rays which go from the Point à to the 
Lens GK; conſequently, the Ray aK will after Refraftion 
be parallel to the Axis, f. e. the Ray K O is parallel to aH 
therefore the Image of the Object being in the Focus c of the 
Lens GK, will be ſeen under the Angle KOH, which is 
equal to the Angle aHe ; but it is ſeen from the Lens df un- 
der the Angle gec. But the Angle 4 He: aec n ec : MH; 
Wherefore the ſecond Part of the Ratio for magnifying is that 
of ec to cII, or 1 
: | 
18. Laſtly; let C be the Focus of the Lens DF, and with 
the Radius EC deſcribe the Arch Ce; then will E be the 
Axis of the Pencil of Rays proceeding from the Point 7 to 
the Lens DF, of which F being one, it will be refrafted 
into FI parallel to E; and fo the Angle FIE = CEe. 
FIE is the Angle ander which the Image is view'd through 
the Lens DF, which is to the Angle COA as CO to CE. 
Therefore the third and laſt Part ot the Ratio for magnifying 
+ KIA 
8 
19. If now we compound the ſeveral Parts of the Nati 
now found into one, it will make the Ratio of C x = x 
© to 1. Far Example, let ec = ; an Inch, cH = 33, ec 


=2, CE = 1;; then HE being 2, and HO= 11,66, we 
have CO = 10, 66; whence the above Ratio in Numbers 


will be 2 — x 2 X = = 40,87. Therefore the Dia 
meter of any Object is magnified near 41 times by ſuch 3 
Compound Microſcope. 


20, If this Calculation be enquired into, we ſhall find that 
the Glaſs GK diminiſhes the magnifying Power, which b 
greater by the Eye - Glaſs DF alone, and more diſtin, Thus 
in Fig. II. of the large Plate XVIII, if che lower Gl 
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Or?eTICS: 
form'd in the Focus e of the ſaid Glaſs, and in an 


inverled Poſition. This Image may be yiew'd by 
a ſingle Lens 4 b, placed at its Focal Diſtance, as 
s uſually done for viewing the heavenly Bodies, 
becauſe in them we regard not the Poſition : But 


DE were taken away, the Rays would go on and be united 
a a Focus at the Points M, P, N, and there form an Image 
ff the Length MN; but by replacing the Glaſs DE we ſhall 
ave the large Image MN Boy nn into a leſſer mz, Now 
his larger Image MN may be conſider d as form'd by the 
Lens DE at a negative Focus from an Object n, whoſe 
Diſtance F B is leſs than the focal Diſtance of the {aid Lens: 
All which is eaſy to underſtand from the foregoing Theory 
of Dioptrics. | | | | 

21. Now ac : MN :: bf: AP; and drawing MF and NF, 
we have MN: n:: FP: FB, becauſe the Object and its 
[mage do in every Caſe ſubtend the ſame Angle from the 
Vertex of the Lens, as was ſhewn before. Since FP is given, 
ſo alſo is FB, from the common Theorem 2 . fora 


dM, 


2 dr 


double and equally convex Lens; or — for a 


plano-convex one. For ſince the Focus F is negative, or 
— =—f= FP, therefore dr =—df + rf, and ſo 


[ 1 
* 2 * — 2 fr 
rþdf=rf; Amn, eee 

„in a Plano-Convex. | 


22. It is evident from the Scheme, that no more of the 
large Image MN, or of the contracted one n, can be view'd 
through the Eye-Glaſs HG, than what is contain'd between 
the perpendicular Lines HC and GA ; and that therefore a 
much greater Part of the Object can be ſeen in the Image mn, 
than in the Image MN, which is wholly owing to its being 
Fenn and this is all the Reaſon 
of its Uſe. | | 

23. The next Sort of Microſcope I ſhall take notice of is 


a Catadioptric one, i. e. ſuch an one as performs its Effects by XLVII 


Brfledion and Refraction jointly x for: it is conſtructed with a 

{mall Obje&-Speculum fed, whoſe Focus is at F; and it has 

been ſhewn, that if a ſmall Obje&'ab be placed a licdle for- 
its UW? | TH af YO ©» | 007: 7% 


for 
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for viewing Objects near us, whoſe Image tt 
would have erect, we muſt for that Purpoſe 20 
a ſecond Lens p 4, at double its Focal Diſtarc: 
from the other, that the Rays which come from 
a may croſs each other in the Focus O, in orde 


ther from the Speculum than the Focus 7, there will be form 
a large Image thereof AB; which Image will be invertel, 
and in Proportion to the Object as the Diſtance Ce to tt: 
Diftance ce, as when an Object- Lens was uſed. | 
24. Part of this Image is view'd by an Eye-Glaſs FD, 
which is or ought to be a Meniſcus, as here repreſented ; be. 
cauſe the e being form'd by Reflection, it will be mor: 
and admit of a deeper Charge in the Eye-Glaſs DF; 
and thoſe of the Meniſcus Form are beſt for this Parpoſe, be. 
cauſe the Errors of the Rays, and conſequently the Conf. 
fion caufed thereby, in the Refraction made at the con 
Surface, are in a great meaſure rectiſied by the contrary he. 
fraction at the concave Surface, as is eaſy to underſtand fron 
what has been ſaid of refracted Light, Aunot. CX VII. 


Plate 25. Another Sort of Catoptric or Heflecting Microſcope i 


VII. conſtructed with two Speculums, abel and ABC D, witha 


*. 10. central Hole in each. The large Speculum is concave, be 


other convex, and both of equal Sphericity. They hare 
their Focus at one Inch Diſtance, and ed at the Diſtance 
of 14 Inch from each other, that fo jet OPQ, being 
placed a little before the ſmall Speculum might be nearer v 
the large one than its Center E. 4 

26. This being the Caſe, the Rays PA, PD, which floy 
from the Point P to the Speculum AD, will be reflected t- 
wards a Focus p, where an Image opg would be form'd, it 
the Rays were not intercepted by the convex Speculum ad; 
and the Point p being nearer than its Focus f, the Rays Az, 
Dd, which tend towards it; will be reflected to a Focus 7, 
where the laſt Image O N will be foria'd, to be view'd by 
the Eye-Glaſs G, tranſmitting parallel Rays to the Eye at J. 

27. The Power of magnifying in this Microſcope is thus 
eſtimated. (1.) The Object OP ſetn from the Vertex V of 
the Speculum AD is to the ſame ſeen at the Diſtance of 6 


Inches from the naked Eye as 6 to VP, ß (2.) The 
firſt, Image 65h, li be confidey'd now as a wir/al Objed) 
een from the Vertex V of the Mirroar AD, is to the ſame 
E 1 3 5 b | to 


ps oF 
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to erect the Image g u, which it will form in its 
own Focus m, becauſe the Rays come parallel 
from the firſt Lens ab. Laſtly, a third Lens z c 
is added, to view that ſecondary Image g n. Theſe 
three Lenſes, or Eye-Glaſſcs, are uſually of the 


ſeen from the Vertex v of the Mirrour ad as vp to Vp, or as 
VP (3) Lafly, the Image OP2, ſeen from the Vertex © 


4vV 
of the Speculum ad, is to the fame ſeen through the Eye- 


Glas G, as GP to Pw, or as ==, Where the whole mag- 


ag g Vp Pow . 2 
ning rover pp Gp, This Contrivance 


we owe to Dr. Smith of Cambridge. | 

28, But a better Form and eaſier Method of conſtructing 
a Catoptric Microſcope, with tvs ecting Mirrours, is that py 
which follows. ABCDEF is a Cale or Tube, in one End XLIx. 
of which is placed a concave Speculum GH, with a Hole pf 
IK in the Middle; the Center of this Speculum is at &, and 8. 10. 
and its Focus at O, ſo that VO = Oc. At the open End of 
the Tube is placed a ſmall convex Speculum def, on a Foot 
ef, by which it is moveaile nearer to or farther from the 
larger Speculum G H, as Occaſion requires. 

29. If now an Object a b be poſited in the Centre c of the 
large Speculum the Image thereof a b will be form'd in the 
ſame Place, as has been ſhewn already; and this Conſi- 
deration is all the Reaſcn of this Form of a Microſcope ; 
for, if now we look upon the Image ab as an Object nearer 
to the convex Speculum d f than its Focus /, tis plain a larger 
Image 4 B will be form'd thereby at the Focus C; or that 
Rays cG, cH, proceeding from any Point c in the Object 
a b, will be reflected back upon themſelves, as being perpen- 
dicular to the Speculum ; but the refracted Rays meeting with. 
or impinging on, the convex Surface of the Speculum d f, 
will (as they tend to a Point c nearer than the Focus f) be 
gr ep to a Focus C, which is found by the Theorem 

* 
30. For in this Caſe f=ec, and d=eC; and fince 


air rf 24% we have = d. Thus if we put the 


ſame 


/ 


270 Or res. 
ſame Size and Focal Length; and the Power of 
magnifying is always as the Focal Length of th: 
Objett-Glaſs e w divided by the Focal Length of th: 
Eye-Glaſs Im or he. For inſtance : Suppoſe eu 
= 10 Feet or 120 Inches, and be or In = 


Radius of the ſmall Speculum 2 Inches, then e 1; 
and let ec r 0,8; then rf 6 


127 2— 1,6 „4 
Inches =e C; and ab: AB: 0,8: 4: 1: 5, or the Image 
AB will be 5 times longer than the Object a b. This Image 
Ai view'd by the Meniſews Eye-Glaſs LM, whence tis 
eaſy to obſerve that this Form of a Microſcope is the ſame 
with that in Article 23, 24. only there is but one Reflection, 
and here is two; and there a ſmall Concave was uſed, but 
here a Convex; becauſe by this means the Inſtrument i 
_ twice the focal Diſtance e f nearly, which is very 
conſiderable, as being a 4 Part of the whole. 
31. I ſhall ſhew in che next Azactation how both theſe 
Microſcopes may be had very conveniently in the reflecting 
Teleſcope, and conclude. this with an Account of the Na- 
ture and Uſe of the Micrometer for meaſuring the ſmalleſ 
Parts bf natural Bodies; and here I ſhall not take Notice of 
the ſeveral uncertain conjectural Methods deſcribed by others, 
but only ſuch as I uſe in my own Microſcopes, which is ſtridly 
Mechanical, and gives the Meaſurement abſolutely, 

32. The MicxomsTER conſiſts of a graduated circular 
Plate X. of a Screw go, and its Index gr. The Threads of 
the Screw are ſuch, that 50 make the Length of one Inch 
exattly. When it is to be uſed, the Point o is ſet to the Side 
of the Part to be meaſured, and then the Index is turn'd about 
with the Finger, till the Eye perceives the Point has jult 

aſſed over the Diameter of the Part; then the Number of 

ns, and Parts of a Tum, ſhewn by the graduated Circle, 

wilt give the Dimenſions in Parts of an Inch, as I ſhall ſhew 
by the following Example. | | 

33. Suppoſe it required to meaſure the Diameter of an hu- 
man Hair, and I obſerve, the Index is turn'd juſt once round 
while the Point o paſſes over it. Then tis plain the Diame- 
ter of the Hair in the Image is e of an Inch. Now if the 


pe magnifies 6 times, or makes the Image 6 times 
larger in Diameter than the Object, then is the Diameter of 
the Hair «ſelf but | of , that ih but 282 Part of an Inch. 
3 Inches; 
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3 Inches; then will the Length of the Object ap. 
pear to the Eye through ſuch a Teleſcope 40 times 
larger than to the naked Eye; and its Surface will 


be magnified 1600 times, and its Bulk or Solidity 
64000 times. (CXXVIII). 


34. Alſo it is to be obſerved, that as there are ten large 
Diviſions, and twenty ſmall ones, on the Micrometer Plate, fo 
each of thoſe ſmall Divihons are the 25 of To» or the 1890 
Part of an Inch. Therefore, if in meaſuring any Part of an 
Obje&t, you obſerve how many of theſe fi Diviſions are 

{s'd over by the Index, you will have fo many 1000 dth 

of an Inch for the Meaſure required. All which is ſo 
plain, that nothing can be ſaid to illuſtrate the Matter. | 

35. In Plate XLVIII. I have given a Print of the Form 
of my Nzw PockeT-Microscoes furniſh'd with the Mi- 
CROMETER above deſcribed. This Microſcope is of the moſt 
ſimple Structure, moſt eafy and expeditious for Uſe, and comes 
at the leaſt Price of any hitherto invented of the compound 
Sort. But for a particular Account of its Theory, and alſo 
of another, in a large Form, mounted on a Ba Lt and Socrer, 
for univerſal Uſe; as alſo a large Account of all Kinds of 
Microſcopic Object, and the Manner of applying, them; I re- 
fer the Reader to my Treatiſe on that Subject, entituled Mi- 
CROGRAPHIA Nova, | 


(CXXVIIL.) 1, The Nature and Structure of 2 comes 
refracting Teleſcope is above deſcribed, and is ſo evident from 
the Figure, that I ſhall ſay nothing farther relating to itz Co 
poſition, but ſhall proceed to ſhew the Imperfection of chi 
Teleſcope, and that it ariſes from the different Refrangibility 
of common Light, and not from the ſpherical Figure of the 
Glaſs, as the Opticians before” Sir J/aac Newton's Lime ima- 
gined, and therefore propoſed to bring them to greater Per- 
tection by introducing the Method of grindin and poliſhing 
Glaſſes of the Figure of one or other of the Gonic Section:. 

2. But this great Philoſopher ſoon ſhew'd them their Miſ- 
take, by proving that the Error ariſing from the Figure of 
the Glaſs was many hundred times leſs than that which pro- 
ceeded from the Refrangibility of the Rays, and was 
ſo ſmall as to be altogether incoafiderable ; and this he did by 
an elegant Method in his Lxdtiones Optic, which I ſhall hers 
tranſlate from that admirable Book.. + * by | 
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Ir inſtead of a convex Eye-Glaſs we ſhould uſe 
a concave one of the ſame Focal Length, it would 


repreſent the Object erect, equally magnified, 


and more diſtinct and bright; but the Diſadvan- 


3. Let NBM be a ſpherical Surface, C the Center, CB 
the Semidiameter or Axis parallel to the incident Rays, AN 
an incident Ray, and NK the fame refrated, cutting the 


Axis CB produced, in the Point K; and let F be the Solar 


or principal Focus, where the Rays meet the Axis which are 
infinitely near to the Axis. The Error KF is now to be de- 
IL. Let fall the Perpendiculars CE upon N K, and NG upon 
CK, and call CB=a, GB=x, and CK = xz; and from 
the Nature of the Circle we have NG* = 24x — xx, to 
which add G R= (z—a+ 3x") z* + 2x2 — 222 4 
—2ax-+ a", and the Sum will be NK = z* + 2xz— 
en e | | | 

5. Now ſince NG: CE :: I: R, wiz. as the Sine of In- 
eidence to the Sine of Refraftion ; and becauſe of fimilar 
Triangles CE K and NGK, it is NG: CE :: NK: CK:: 
I: RI therefore I*: R :: (NK*: CK) z* + 22 
24 ＋T A : and II = 2* ＋ 2x2 — 222 ＋2˙ 


R*, and by Redufiion ks = 22h SEE SOR, 
, —_— R?am.j* y 
and (putting N = 4, we have 2 = 225 — 


R* 2* R @* 


and . — 2 == H- and compleating 


the Square, & — 273 55 = 55 — — and extract- 


ing the Root, z = «+ uu. whence by Subſtitu- 


: Ria RR Ta — Rar Rix 
tion we have) == — —— I'a*— 2R*ax+R x 


21 * R* — 1* 
6. And, reducing the radical Part to an infinite Series, we 
; 28 $ 3 
ERS it Fr. — — 2 c. Now 


TI IRI 2 2 
when x =o, === =CF; _whence CF — CK = 
tage 
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tage of this Glaſs is, that it admits of but a ſmall 
Ared, or Field of View, and therefore not to be 
uſed when we would ſee much of an Object, ot 


take in a great Scope; but it is uſed to great Ad- 


KF=; +55 55 , &c. which is the Value ofthe 


Error 1 wy 
7. Hence when BG or x is exceeding null = 


K F nearly, becauſe in that Caſe the other Terms, where the 


aſcending Powers of x are found, become extremely ſmall, 
and nothing in regard to the firit Term where x is lingle. 
R? y* 
8. Again; putting NG ==y, we have THE. 
KF nearly; for NG* = BG x ee = = BG x 2BC 
hearly, (from the Elements) that is, y* = 2ax nearly, or 


2 = If then for & in the Equation of che laſt Article 


we ſubſtitute its Value 2 27 it gires the bana ove; in 


this, 

9. Hence alſo it follows, that the Error K F is 3 as 
the Sagitta or Verſed Sine GB, or the Square of the Semi- 

chord NG. 

10. If the Ray AN K be given in Poſition, and an be 
any other parallel Ray nearer to the Axis, and on the other 
Side ; of which let n4 be the refracted Part catting the Axis 
in &, and the refracted Ray NK in Q, and from Q draw Qo 

perpendicular to the Axis: Then will the Line Ke become 
fee of all, or a Maximum, when the Ray an is about 
f the Diſtance of the Ray AN from the Axis. 

11. For draw ng perpendicular to the Axis, and put ng = 

v, Ros, GK and KF; and lince, by Art. 9, 
5 


ve have NO nuR F Ar, of y* 19 ib EO 


75 
4 , therefore KF—4P=KE=b— 2, — er. 


— 
12. Moreover, GK : GN z K. Qs; wherefors de = 
Alſo zu: GK (= gt nearly) : Qe + of r there: 


7 


8 2 vantage 
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vantage in viewing the Planets and their Satelli- 
tes, Saturn's Ring, Jupiters Belts, &c. This is 
call'd the Galilean Teleſcope, from Galileo, the In- 
ventor, and 1s the firſt Sort of Teleſcope ever 
made. 


fore to + Ko = += a —— WC 23, 
9 
and dividing by +5, and reducing the Equation, we have 


—.— 


13. Now to determine f a Maximum, we muſt make its 
Fluxiou= 9, that b, e. whenes we 
get bvy— 2bvv =o, that is, 5 2, or 2 τν, or 
2ng = NG, when / or Ko is greateſt of all. 

14. Therefore Ko, when greateſt, is equal to about 4 of 
KP; for if in the Equation _— the * (in Ar- 


dk 12.) you'write 2 U for y will ariſe 15 = 
15. Allo becauſe E BF = GE newly, chats: 


fore GK —= — Ta 


2 20e meg. ene === 
R* 3 1 | 

0 EA 

16. If the Arch BM'be taken equal to the Arch BN, and 

Bm = Ba, and Rays incident on M and are refracted in- 

terſecting each other in the Point P, then tis evident P 


= 4g plain, that al the Rays which 
fall on 74 Curve between N and M are ſo refracted as to 


L. 5- n pen r 
= the leaſt poſſible in Which all the Rays can be congre- 


; and thetofore; that tllis Space is the Focus or Place of 
the 2 of an Obje&, which ſends parallel Rays upon the 
Surface of the Lens N BM. 


2 17. For no Rays can be refracted without this 8 , be- 
cauſe fince. Qę is ima given Ratio to Ko, it will at the 


fame time a Maximum with it; and therefore the Point "Qs 
the moſt remote from the Axis, in which any of thoſe re- 
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Tux Cata dioptric or Reflecting Teleſcope is the _ 
moſt noble and uſeful of all others; the Mechani/m | 
whereof is as follows : A B E H is the large Tube Pig. . | 
or Body of the Inſtrument, in which BE is a large | 


Neither can they be refracted into a leſs Space, becauſe the 
Rays MK, NK, cut the external Rays 24 and m4 in the 
Points P and Q, by which the Space PQ is terminated. 

18. If the Aperture of the Circle (or Lens) NBM be in- | 
creaſed or diminiſhed, the lateral Error PQ will be as y*, or 
as the Cube of the Breadth of the Aperture NM. Alſo, if | 
the Aperture of the Lens remain the ſame, the ſaid Error | 
PQ will be reciprocally as a&, or as CB“, and therefore as | 
BF*, fince CB and BF are in a given Ratio. But if neither 
the Magnitude of the Circle nor of the Aperture be conſtant, 

3 


; 75 NM bas 
the Error PQ will be as , or as NH, as is evident from 


frafted towards F can poſſibly interſeR the external Ray N k. | 
| 


BF? | 

R* y3 ; | with . 

its Value es- male; gay e 0a gt | 

fore omitted. Thus far Sir Jac. | 
19. In all that bas been ſaid in the ing Articles, we 


are to underſtand Sir Jaac's Deſign is to ſhew what the Quan- 
tity of the Error is, and in what Proportion it varies, that | 
ariſes from the circular Figure of the Glaſs only in —_— 
the ſame Ray as it is nearer to or farther from the Axis. 

therefore we are to underſtand that the Rays here meant are 
— or all of the ſame Sort, and which admit of no 
Error a different Refrangibility. | 


—ͤJ—ᷓ— — = — 


20. Hence we are able to compare the Errors ariſing from 
the different R ibility of the Rays, and from the ſphe- 
rical Figure of the Glaſs, (ſuppoſing it a Plano-Convex, as it 
commonly is) in a Teleſcope of any given Length. For Ex- 
ample: In a refraQling Teleſcope of 100 Feet Length, that 
is, where BF = 2BC = 2a D = Diameter of the 
Sphere = 1200 Inches, z3=NG= 2 Inches, and let I: | 
R:: 20: 31 out of Glaſs into Air, Then will the Expreſſion | 


2.3 
fr the hier Error from the Figure of the Glaſs be 2785 


rn 8 Inch 
| ei Do ONS 


the Diameter of the circular Space P Q. | 
| S 3 reflecting 


be 
4 
1 
l 
' 
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reflecting Mirrour, with a Hole in the Middle 
CD. This Mirrour receives the Rays ac, bd, 
coming from the Object at a diſtance, and reflects 
them converging to its Focus e, where they croſs 


21. But the Niameter of the little Circle through which 
the Rays are ſcatter d by unequal Refrangibility is about the 
55th Part of the Breadth of the Aperture of the Object- 
Glaſs, (as we have already ſhewn) that is, in the preſent Caſe, 


a 55th Part of 4 Inches, or 77 Wherefore the Error ariſing 
from the ſpherical Figure of the Glaſs is to that ariſing from 
the different Refrangibility of the Rays as — — to 


72000000 
> that is, as 1 to 5449; and therefore being in compari- 
ſon ſo very imall, deſerves not to be conſider d in the Theory 
of Teleſcopes. | 

22. Let us now ſee, according to Sir aac's Method, what 
the Value of this lateral Error PQ is in Rays reflected from 
a ſpherical Surface, where eyery Part is denoted by the ſame 
Letters as before ; only now the refracted Ray NK is the 
reflected Ray: And here allo NG“ = 24 — xx, and 
GK = (a—z—x* =) af — 2ax— 2az+ x* 22x 
+ zz, as before, (Article 4.) therefore NG* + GK* = 
NK* = — 2az+ 2X ＋ zz = zz ; becauſe NK 
CK, from the Law of K-fediom. Whence a* = 2az — 

| 2 

2x2, and therefore x = ——— = CK; but CF = a, 


24 —2 K* 


1 
therefore CK — CF = FK K 122 
| "4 Ar Mi. r 24 — 2x 
ax 5 1 
n 


2 - * 2 | rb 3 
23- Hence, when x i. indefiitely ſmall, P = = = 
©, - 
2x GB nearly ; and becauſe' yy = 24x nearly, (ſee A. 
ticle 8.) therefore == = 4x = FR; and hence it appean, 


that the Error K F is always as x or the verſed Sine GB, or 
as *, or Square of the Sine or Semi-Aperture NG. 
24. Again; every thing in Art. 10, v1, 12, 13, and 14, 


f "Top © each 
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each other, and form the inverted Image I M. 
x y is a ſmall concave Mirrour, whoſe Focus is at 
f, at a ſmall Diſtance from the Image. By this 
means the Rays coming from the Image are re- 


' * f 
is the ſame here as there; and ſo K KF =. And 
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becauſe GK is nearly equal BF = 4a, therefore GK : 
2 


o, „ or 
GN :: Ko: Qs; that is, z 4 «Ya: 164 3 con 
3 | 
ſequently 20 =PQ= =— 2. E. J. 
aa 
25. Hence if we put a = BG = Radius of the reflęcting 
Sphere N BM, we ſhall have PQ in the refraQting Surface or 


2 ,,3 

Lens, to PQ in the reflecting Surface or Mirrour, 5 I 
|S TBE ag. ay ; 

e that is, as 2,4 to 13 ſo 


that the Error by Refraion is near twice and a half greater 
than that by Reflection, when the Radius of the Sphere is the 
ſame in both. 

26. If the Medium be given, or the Ratio of I to R, and 
alſo the Aperture NM = 2y; then the Error by Reflection 


is to that by Refradtion as — to —. Hence, fince if the fo- 
cal Diſtance of a reflecting Teleſcope and a refracting one be 

I I I A 
equal, we have a = 4a, therefore — to — as —> to 1, it 
appears that the Error PQ in the Refractor is to that of the 
Reflector as 16 to 1. 

27, Again ; it appears, that in the RefleQor, as well as 
the Refractor, the Error is (ceteris paribus) proportional to 
, or the Cube of the Aperture of the Object-Metal NBM. 

28, Laſtly, we obſerve in the refracting Teleſcope, if the 
Radius CB = a, and Semi-Aperture NG , be given, the 


Error PQ will be as Ir Hence, if the Lens be Glaſs, we 
2 F i —_ 1 1 | i 
have © —V*3!'— 24; and if the Lens be Water, 


I* 20 x 20 


- 


we have = — 725 === 1,7. Therefore the Error 


84 flected 


Plate 
XLIX. 


Fig. 3- 


280 


OrTics. 


flected back through the central Hole CD of the 
large Mirrour, where they fall on the plano- 
convex Lens WX, and are by it converged to a 
— and there ſorm a ſecond Image RS, very 


by Reſraction in a Glaſs: Lens is to that in a Water-Lens 
1778 e ag as 2,4 to 1,7, or as 4 to 3 nearly. 

fore Sir Iſaac N.abfen, all Opticians imagined the 
IndiltinQneſs or Impe rfection of Teleſcopes was owing wholly 
to the Figure of the Glaſs or Lens: which put them upon 
introducing the Figures of the Caric Sefions, becauſe, being 
acquainted with the Ratios of Incidence and RefraQon, they 
could find by Geometry that an Aberration of Rays from the 

Focus, F would, be. occaſion'd by the Curvature of 
the Glaſs, and that was always leſe of courſe as the Curva- 
ture was leſo ; and that therefore if NBD, EBF, OBP, and 
VR repreſent the curved Surface of a Circle, an Ellipfs, a 
Parabola, and an 1 whaſe common Focus is C, tis 
plain, I a parallel AN be incident on each of des 
Curves in the Points * b. c, the Aberration or Error cauſed 
in the Ray by Re fraction in each will be as the Curvature is 
leſs, or as the Radius of Curvature in the Points N, 2, 6, c, 
increaſes; and it has been ſhewn to be as the Square of that 
Radius znyerſely. (See 42:18 and 26.) Conſequently, fince 
the Aperture and principal Focus is the fame in all thoſe 
Lenſes, the Eirors of the Rays will be leſſen d in each of 
them reſpectively. 
1218 But if che Imperfection of the refraQting Teleſcope 

been owing only to the ſpherical Figure of the Glaſs, 

Sir Mac — propoſed a Remedy without Recourſe to the 


2 which, was by compaſing the Object-Glaſs of 


leniſeus-Glaſſos, with Water between them. Thus let 
Ap g repreſent the Objea-Glab compoſed of two Glaſſes 
ABED and BEFC, alike convex on the Outſides AGD 
and CHE, and alike. concave on the Inſides BME, BNE, 
* Vs! in the Cavity BMEN. 
ge the Sines of . Incidence and Refraction out of 
Gli yo o Air b 6.25 I to R, and out of Water into Air as K 
to R then out of Glaſs into Water they will be as I to K, 
(nance: XML) Ard let the Diameter of the Sphere to 
which the convex Sides%are ground be D, and the eter 
of the Ephere to which the concave Sides are ground be to D 


. be Rude, of KI K io the Cube Root of K —1 
che ReſratJous ian the, goncave Sides of — 


2 


r awe not a nn 
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large and erect, which is view'd by a Meniſcus 
Eye-Glaſs Y Z by the Eye at P, through a very 
{mall Hole in the End of the Eye-Piece Y CDZ, 

Ir the firſt Lens WX were taken away, the 


Glaſſes will be very much corrected by the Errors of Re- 


fractions on the convex Sides, ſo far as they ariſe from the 


Sphericalneſs of the Figure. | 

32. But ſince thoſe compound Lenſes of Glaſs and Water 
are with Trouble and Difficulty made, Opticians have applied 
themſelves to invent the beſt Figure of 'Lenſes for this Pur- 
poſe, that is, ſuch that the Refraction at the ſecond Surface 
might correct the Errors of Refraction at the firſt Surface 
(arifing from the Figure of the Glaſs only) as much as poſh- 
ble: And the famous Hagens has given us a Theorem by 
which he proves the following Particulars. 

33. Fir, That when parallel Rays fall upon the plane 


Side of a plano-convex Lens, the (longitudinal) Aberration of 


the extreme Ray is 2 of the Thickneſs, and is leſs than the 
like Aberration cauſed by any Meniſcus-Glaſs whoſe concave 
Side is expoſed to the incident Rays. | 
34. Secondly, When the ſaid Glaſſes have their convex 
Sides turn'd to the incident Rays, the Aberration of the ex- 
treme Ray in the Plano-Convex is z of its Thickneſs, and is 
leſs than the like Aberration of any Meniſcus in this Poſition, 
35. Thirdly, That a double-convex Glaſs, whoſe Radius 
of the firſt Surface, on which the Rays fall, is to that of che 


ſecond Surface as 2 to 5, is juft as good as the Plano-Convex - 


in its beſt Poſition, the Error being in both g of their com- 
mon Thickneſs. Ns 


36. Feurthly, When the Radii of a Double-Convex are 


equal, the Aberration is 4 of the Thickneſs ; and therefore 


ſuch a Lens is not ſo good as a Plano-Convex of the ſame 


Thickneſs in its beſt Poſition: @7 1 OY wi 
37. Fifthly, But if the Radius of the firſt Surface be to 
that of the ſecond as 1 to 6, it is then the beſtGlaſs of all, 


its Aberration then being the leaſt poſſible, oi. it of ita, 
d wit the 


Thickneſs, But if this beſt Glaſs be turn its other 
Side to the Rays, the Aberration will be gr, and therefore 
becomes much worſe than beſbr e. 

38. Sixthly, When a Plano-Concave has its plane Side 
turn'd towards parallel Rays, the Aberration of the extreme 
Rays is alſo 2 of the ThickneG; and when inverted it is only 


Image 
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Image would be form'd ſomewhat larger at Mg; 
but the Area, or Scope, would be leſs, and there- 
fore the View not ſo pleaſant. At T V is placed 
a circular Piece of Braſs, with a Hole of a proper 


3. In a Double-Concave likewiſe, whoſe Radii of the fi 
and ſecond Surfaces are as 1 to 6, the Aberration is the leaf 
poſſible, wiz. 14, as above in the like Convex. 

39. Hence the Glaſſes of common Spectacles ought to have 
the Figure of the Convex in Art. 37, and thoſe Hand-Glaſſez 
which ſhort-fighted People uſe ought to be ſuch Concaves a 
are laſt mention'd, | 

40. In all the above mention'd Glaſſes the ſame Aperture, 
Thickneſs, and focal Diſtance is ſuppoſed, and that they dif. 
fer in nothing but the Figure arifing from the various Magi 
tude and Poſition of their Radii reſpectively. But after all, 
fince, as we have ſhewn, the Aberration cauſed by the Figure 
bears ſo ſmall a Proportion to that by the different Reſrangi. 
bility of Rays, the Perſection of refracting Teleſcopes be. 
comes deſperate, and can only admit of Improvement by in- 


creaſing their Length, 


41. From hence long Teleſcopes became of common Uſe 


and ſo great were the Improvements of ti:is Sort, that for 
viewing the celeſtial Bodies the Tube of the Teleſcope wa 
thrown aſide, and a Method invented by Eugenius of man- 

ing them with much greater Eaſe, and of a greater Length. 

or he contrived to fix the Object- Glaſs upon the Top © a 
long upright Pole, and directed its Axis towards any Objed 
by means of a Silk-Line coming down from the Glaſs to the 
Eye Glaſs below. In this manner were Teleſcopes made ta 
the Length of 123 Feet. 

42. Theſe were call'd Aerial Tcl, ſecpes, as being uſed with- 
out a Tube, in a dark Night; for the Uſe of a Tube is nt 
only to direct the Glaſſes, but alſo to make the Part dark 
where the Images of Objecls are form'd ; for in Teleſcopes, 
as well as in the C:merg Obſcura, we ought to have no other 
Light come to the Eye. than what proceeds fiom the PiAures 


| made of the Objects abroad, 


43. In order to underſtand in what Proportion Teleſcopes 
are to be lengthen d, ſo that they ſhall. magaify in any pro- 
led Degree with the ſame Diſlincineſs and Brightneſs of ile 
bject, we are to confider that the Indiſtinctneſs of Vißon 
hauts in this, that thr: fenfebie Tmage of a lucid Point in the 
Oe, is nt 4 Point, in the Trage, but a circular Area ; and 


(bat SIZE 


o 
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„sie to circumſcribe the Image, and cut off all 
ſuperfluous or extraneous Rays, that ſo the Object 


may appear as diſtinct as poſſible. 
er As the Image is form'd by Reflection, the 
bunt two contiguous Points in the Object make two of thoſe 
alt Areas in the Image, whoſe Centers are contiguous ; and there- 


fore as thoſe two Areas are mix'd almoſt entirely with each 
other, the Repreſentation of the ſaid two Points in the Ob- 
jet is not diſtin& but confuſed, | 

44. And fince this is the Caſe with reſpe& to every other 
Point in the Object, tis evident there will be a Mixture of 
ſo many Points of an Object in every Point of the confuſed 
picture, as there are Points in the Circle of Aherratipn ; fince 
the Center of any one Circle of Aberration will be cover'd 
by all other Circles of Aberration, whoſe Centers fall within 
the Perimeter of the firſt mention'd Circle ; or, in other 
Words, there will be ſuch a Number of Poincs in the Object 
mix'd in any one Point in the confuſed Image, as is propor- 
tional to the Area of the Circle of Aberration, 

4;. Hence, fince this confuſed Repreſentation of ſeveral 
Points in one is impreſs'd on the Retina by the Eye-Glaſs, 
and from thence convey*'d to the Common Senſory, it appears 
that the 8 of an Object it as the Area of a Cirele of 
Aberration in the Facus of a Til;ſeepe, or as the Square of its 
Diameter. . 

46. To illuſtrate this Matter, let A be a given Point, BC Plate 
an Odject- Glaſs of a Teleſcope, BCA a Pencil of Rays co- XLIX. 
ming from the Point upon the Glaſs ;' each Ray, AB, AC, Fig. 5. 
will be ſo refrafted through the Lens, as that the moſt re- 
frangible Part of each will meet and interſe& each other in 
th the Point F in the Axis, the mean refrangible Part will go 
not to e, and the leaſt refrangible Part will meet and interſett the 
ak WY not refrangible on each Side in the Points D and E; there- 

«. fore DE will be the Diameter of the confuſed Image or Cir- 


Ib 
— 


E ure tT 


1 


| ce of Aberrations aDbE, and c its Center. 

res 47. Let HI be the Eye-Glaſs, and G its Center; then 
will the Angle DGE be that under which the Circle of Ab? 

pes errations is ſeen at the Eye-Glaſs, and conſequently at the 

Eye, (as we have ſhewn already). But this Angle is as the 

d Subtenſe DE direAly, and as the Perpendicular Ge inverſely, 


ts WY =, DGE is as , brit increaſevas DE increaſes while 
Ge remains the ſame, and as Oe decreaſes while DE is con- 


Rays 
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Rays of every Sort will be united nearly in on 
Point, and will therefore admit of an Eye-Glij 
Y Z of a deep Charge, or ſmall Focal Diſtance, 
and ſo the Power of magnitying will be propor 
laat; wherefore, ſince DE is always as the Angle DGF, 
DE D E* 
we have DE: : 72 and fo DE“: "x But DE“ i a 
the Area of the Circle of Aberration, and therefore as the 
Indiſtinctneſs of Viſion ; conſequently the apparent Indillin. 
neſs of a given Object will be as . 
48. Therefore the Diſtinctneſs of Viſion will be a 
par. Or, becauſe DE = CB the Diameter of the A- 


perture of the Obje&-Glaſs, therefore DE“ will be as CB; 
ern 1: eos given Obje& will always be u 
rr that is, as the Square of the focal Diftance of the Ey- 


Glaſs direAly, and as the Square of the Diameter or Ara of 
the Aperture inverſely. 
49. If then in any one refracting Teleſcope the Dilind. 


nels of an Oe be repreſented by 805 and in any other 


x Go 
Je 7. 


, we have BC* % Gt = BC* Ga, or BC x C 


Teleſcope of the fame Sort by 
Ga 


e 
BC x Ge and therefore BC : BC:: Ge : Ge; that is, fur 


l Tel. ſcapes ſhew an Object equally diſtin, when the 
meters of the Apertures of the Obje4-Glaſſus are as the fo 
Diſtances of 2 Eye - Glaſſes. 

50. In reſlecting Teleſcopes the Diameter of the Circle of 


LOSES = R. (ſappoſing D= 202 
Diameter of the Sphere; ſee Article 24) whence PQ! = 
. Let F = focal Diſtance Help; then the 


Tulltitatticls of Viled will be as DN (Article 47) = 
08 Of 9 eu N 
dB. 


5˙* F x F © 3 


tionally 


61 


Or TiCs, 


G * 
* 


Qe 
compounded of — and 7 


Glaſs Y z be uſed, Thus, in Numbers, ſuppoſe 
Qe = 12 Inches, eG = 3,5; Gk = 18, 
12 18 216 


and kt =I; then will 2 r r 


, if only one Eye- 
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51. Therefore if the ſame Parts in another Teleſcope of 


this Sort be „ 1h and fince the 
oy R DNN 
DF: D714 Fz ä 
Diſtinctneſs in each will be as 7 . then if 
we ſuppoſe the Object ſeen equally diſtin in both, we ſtall 
have D* F* x y* = D* FZ x5, or D*F y* = D® Fyg®, 
a. wi | 
Hence F: F:: = - 557 that is, Ræffecting Teleſcopes ſhew an 
17-1 diftint, when the focal Diſlances of the Eye- 
os ow 2 of the Diameters of the large Specula or 
Object Metals, divided by the Square of the Diameter of the 
Spheres to which they are ground, or by the Square of the focal 
Diflance of the Metall. | +. wy 
8 In any Teleſcope or Double Microſcope, the Bright- 
s of a given Image will be as the Quantity of Light by 
which it is ſhewn- that is, as the Area of the Aperture of 
the Object. Glaſs, or as the Square of the Diameter. Y 
53. Alſo, if the Area of Aperture of an Objet-Glaſs 
be given, the Brightneſs of the Image will be inverſely as 
its Area, or Square of its Diameter or Breadth: For the leſs 
the Area of the Picture is, the greater will be its Brightneſs 
by the ſame Quantity of Light. © 
54. Therefore when neither the Apertures of the Glaſſes 
nor the Amplifications of the Picture are given, or the ſame, 
the Brightneſs is as the Square of the Diameter of the Aper- 
tures direRly, and the Square of the linear Dimenſions of 
the Pictures inverſely. | 1 ne 
55. Hence in all Sorts of Teleſcopes a given Object ap- 
pears equally bright, when the Diameters of the Apertures 
are as the linear Dimenſions of the Pictures: But the Picture 
is larger as the focal Diſtance of the Obje-Glaſſes is ſo, and 
allo as the focal Diſtance of the Eye-GlaG is leſs ; thetefore 


nearly; | 
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nearly: whence by ſuch a Teleſcope the Leg 
ot an Object will be magnified 50 times, the Sy: 
face 2500 times, and the Solidity 125000 time, 
yet the Teleſcope not above 20 Inches long; 2 


Effect equal to that of a refracting Teleſcope 1{ 
Feet in Length. 
As to the Camera Obſcura, and Magic Lau. 


the linear Dimenſions of Pictures are as the focal Diſtances of 
the Object-Glaſſes directly, and as the focal Diſtances of the 
Eye-Glaſſes inverſely. Let theſe be repreſented by P and? 
and f, /, in any two Teleſ ; let D, 4, be the Diameter 
of the Apertures, and L, I, the linear Dimenſions of the 


Pictures; then we have D: 4: . 


PP 
jects appear equally bright in both. | 
m_ Hence, ſince n or Image s 
2 7 F 

= 77 (Art. 54.) = 2 , (becauſe L = F by the lat) 
therefore if D or f be each increaſed in any Ratio, the Di- 
ſtinctneſs will remain the fame as before, (by Art. 49.) and 
the linear Dimenſions of the Image will be diminiſh'd in the 
ſame Ratio, (fince L is inverſely as f) but the Brightneſs of 
the Image will be increaſed in the quadruplicate Rado of 
what it had before. For, 

F. Suppoſe F or the focal Length of the Teleſcope given, 
then the Brightneſs of the Picture will be in this Caſe as 
Df; and if D and f de increaſed each in the Ratio of 1 
to , then will the Brightneſs be in this Caſe as „* D* f* n* 
='D* f* #i* ; ſo that the former Brightneſs is to this as D*f? 
to D* f* , that is, as 1 to u.; which Ratio is quadrupli- 


- 


cate of the * 10 1 to w. . 
—, or Df: F, when Objects ap- 


] De F. and T- F, or that D; f: F; that is, che Dic- 
| " meter of the: ani alſo the focal Length of the Eye-Gia/ 
el earh bt ar the Square Rcat of the focal Diftanee or Leng'b 
i | of the Teleſcope, OUT <4 * - 

| Ster F horn; 
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born, they both perform their Effects by a fingle 
Lens; the former being only the Object-Glaſs of 
a long Teleſcope applied in a Scioptric Ball to the 
Hole of a Window- Shutter, in a darken'd Room; 
which gives a lively Picture of all the Objects | 


59. In this Caſe likewiſe the /inear Dimenſions of the Picture 
or Image are in the ſame ſubduplicate Ratio of the Length of the 
Teleſeape ; becauſe, as was ſhewn, (At. 55.) the linear Di- | 
menſions are directly as the Diameter of the Aperture, which | 
is here ſhewn to be as the Square Root of the Length of the | 
Teleſcope. | | 

60. In reflecting Teleſcopes, when the Diſtinctneſs is given, 

3 


we have F: *. and therefore 5: DF. (See Article 51.) 


Alſo when the Brightneſs is given we have : = (4rt. 55.) | 


therefore F : > Hence, when the Diſtinctneſd and-Bright- 


3 
neſs are both given, we have y*: (D*F) : = or y“: D., 
or y: DF, | 


61, The linear Dimenſions of the Pifture P were 2 J3 


that is, in this Caſe, P: DF, and therefore- D. FDA 


+ L | | 

whence FP : 5 : D*. Hane in reflecting Teleſcapes of dif- 
ferent hr a given Obje# will appear equally diſtin and | 
— 4. Das, F the Otjelt- Miral; A 2 the Bi- | 
quadrate Roots of the Cubes of the Diameter of the Sphere or | 
focal Lengths of the Specula ; or, when the. focal Diftancts of | 
the Eye-Glaſſes are as the Biquadrate Root of the focal Diſtance | 

62. According to the Theorems in 4v#: 48, 49, Mr. Hu- 
gens calculated a Table of the linear Aperture of the Object- 
Glaſs, the focal Diſtance of the Eye-Glaſs,' and the linear 
Amplification or magnifying Power of the Teleſcope, from 
one which he found by Experience was conſtructed in the beſt | 
Manner. I have reduced his Rhin/and Meaſures to Engl | 
Feet, Inches, and Decimal Parts, as follows. 

which 


_ — — Bate Dr. 
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which lie before it, in true Perſpective, but in an 
inverted Poſition, on a white Sheet or Plane held 


Focal |\ res 5 ( Focal * 
flaxce perture of |Diflance of | Magnify- 
) — the 504. he Eye- 2 
ect 3 Glaſs. * 
7. | 
Feet. Inch. Dec Inch. Dec. * 
1 0,545 o, 605 20 ö 
13 0,76 | 6,84 27,6 
, oy 0,94 r,04 33,5 
4 1,08 1,18 39,5 
r 1,21 1,33 44 
{ © | 1,32 I,45 49 
7 | 1,43 1,58 53 
8 I, 3 1,69 55 | 
th 1,02 1,78 59 
10 1,71 1,88 62 
| 15 2,10 | 2,30 76 
20 2,43 2,08 88 
| 30 3.00 | 3,28 108 | 
40 3,43 | 3.76 125 
50 [3.84 4420 140 
| 60 4,20 4,60 152 | 
20 | 455 | 5,00 164 
80 | 483 $+35 176 
90 6,8 | 5.65 | 187 | 
200 $440 5295 197 
120 8.90 6, 52 216 
s E . 
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at the Focal Diſtance of the ſaid Glaſs: And on 


the other hand, the Magic Lanthorn is only a large 


all the Priſmatic Colours are the Yellow and the Orange ; theſe 
affect the Senſes more ſtrongly than all the reſt put together: 
and next to theſe in Strength are the Red and Green. The 
Blue compared with theſe is a faint and dark Colour, and the 
Indigo and Violet are much darker and fainter; ſo that 
theſe, compared with the ſtronger Colours, are little to be 
regarded. 5 ä 

Te The Images of Objects are therefore to be placed not 
in the Focus of the mean refrangible Rays, which are in the 
Confine of Green and Blue, but in the Focus of thoſe Rays 
which are in the Middle of the Orange and Yellow, there 
where the Colour is moſt laminous and fulgent ; that is, the 
brighteſt Yellow, that Yellow which inclines more to Orange 
than to Green. 

66. Now it has been ſhewn ( Annee. CXVIII. .) that the 
Diameter of the Circle in which both thoſe Colours will be 
contain'd is but the 260th Part of the Diameter of the Aper- 
ture of the Obje-Glaſs; and farther, about + of the brighter 
Halves of the Red and Green (on each Side) will fall within 
this Circle, and the remaining + without it, which will be 
ſpread over twice the Space nearly, and therefore become 
much rarer. Of the other Half of the Red and Green, about 
one Quarter will fall within this Circle, and 4 without, and 
be ſpread through four or five times the Ipace, and therefore 
become much rarer. Alſo this extreme Red and Green is 
much rarer and darker than the other Parts of the ſame Co- 
lours ; and the Blue and Violet being much darker Colours 
than theſe, and more rarified, may be quite neglected. 

67. Hence the ſenſible confuſed Image of a lucid Point is 
ſcarce broader than a Circle whoſe Diameter is the 260th 
Part of that of the Aperture of the Glaſs, if we except the 
dark miſty Light round about, which we ſcarce tray: And 
therefore in a Teleſcope whoſe Aperture is 4 Inches, and 
Length 100 Feet, it exceeds not 22”, or 15 and in a Te- 
leſcope whoſe Aperture is 2 Inches, and Length 20 or 30 
Feet, it may be about 57 or 6", and ſcarce above. And this 
anſwers well to Experience ; for it is obſervable that in Tele- 
ſcopes of 20 or 30 Feet long, the Diameters of the Fixed 
922 appar to bo hee SE or at moſt not more than 

or 107. | . 

68, Now if we ſuppoſe the ſenſible Image of a lucid Point 
to be even a 25oth Part of the Diameter of the Aperture of 


Vor. II. | T convew 
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convex Lens, with a ſhort Focal Diſtance, which 
by being placed at a proper Diſtance from ſmall 


the Glaſs, yet will this be much or than if it were only 
from the ſpherical Figure of the Glaſs, viz. (in an 100 Foot 


Teleſcope) in the Ratio of - 0 ., or of 1200 
| 250 72000000 

to 1. (See Art. 20, 21.) Therefore the Image of a Jucid 

Point would {till be a Point, but for the various Refrangibi- 

lity of the Rays; and this alone is the invincible Obſtacle to 

perfe& Viſion by any reſracting Inſtruments. 

69. The magnifying Power of a refracting Teleſcope is 
thus eſtimated. Let AB be the Object-Glaſs, and CD the 
Eye-Glaſs; and let HFI and GFM be two Rays coming 
from the extreme Parts of a diſtant Object, and croſſing each 
other in the Center F of the Glaſs AB. Then is the Angle 
GFM = IFM that under which the Object appears to the 
naked Eye; but IEM = CED is that under which the 


Image appears as magnified by the Eye-Glaſs CD, But the 


Angle IEM is to the Angle IFM as LF to LE, or as the 
focal Diftance of the Ol ject- Glaſi to the focal Diftauce of the 
Eye-Glaſs ; and in that Proportion is the Object magnified, as 
was obierved before in Art. 55. 

70. The magnifying Power of a reflecting Teleſcope is 
thus computed. The parallel Rays K B and LE are reflected 
by the large Object Metal AF to its Focus @, where the 
Image IM is form'd; which Image is defined by two other 
Rays NQ, PQ, coming from the extreme Parts of the Ob- 
ject at a remote Diſtance, and meeting in the Center of the 
large Speculum at Q ſor it has been ſhewn that the Object 
and its Image both appear under the ſame Angle from the 
Vertex of the Mirrour. ( Annot. CXXV.) 

71. Now if F be, the Focus of the ſmall Mirrour GH, 
ſuppoſing the Image were form'd in the ſaid Focus f, {that is, 
that both the Foci @ and F were coincident) then the Rays 

eeding from the Image IM will proceed parallel after 
eflection, and produce dittin& Viſion of the Image, which 
will then ſubtend an Angle IOM at the Center O of the 
Speculum GH ; which is to the Angle IQM, under which 
the Object appears to the naked Eye, as aQ to 20 or fO. 
So that the magnifying Power would in this Caſe be as 
aQ 
2 


722. But to increaſe this 


magnifying Power, the Image 1M. 
tranſparens- 


' 


OyrTi1cs. 


tranſparent-colour'd Pictures or Figures, forms a 
large and ſurprizing Image thereof at a great Di- 


is not placed in the Focus of the ſmall Speculum, but at a 
ſmall Diſtance beyond it; by which means the Rays coming 
from the Image to the Speculum GH will be reflected con- 
verging to a diſtant Focus R, where a ſecondary large Image 


IM is form'd from the firſt Image I M; which Image /M is 


ſeen under the ſame Angle 70 M with the former from the 
Center of the Speculum GH, but from the Center of the 
Eye-Glaſs T' Wit is ſeen under the large Angle JI8 M. But 
the Angle 18 M is to the Angle /7OM as OR to SR; where 
fore the ſecond Ratio or Part of the magnifying Power is that 

OR 

SR 

73. Conſequently, the whole magnifying Power of the 
Teleſcope is x FR (becauſe in this Caſe FO becomes 

a 


40). Or, in other Words, the Angle NQ, under which 
the Object appears to the naked Eye, is to the Angle 18 M. 
under which the large magnified n IM appears 
a) x Ot | N 
to the Eye through the Eye Glaſs, a e Such is 


a 


the Theory of the Teleſcope firſt contrived by Dr. J Gre- 
ger ie, and therefore call'd the Gregorian Tel:ſcofe ; but it re- 
ceived its laſt Improvement from the late Mr. Hadley, and is 
now in common Uſe. | : 

74. A ſmall Al:&ration was made in the Structure of this 
Teleſcope by Mr. Ciſegrain, viz. in ufing a convex Specu- 
lum GH, inſtead of the concave one GH. Now if they are 
equally ſpherical, that is, if they are Segments of the ſame 
Sphere, then will F be alſo the virtual Focus of the Convex 
GH; and if all other Things remain the ſame, the firſt Image 
IM will dewirtually the ſame as before, and the laſt Image 
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1M will be really the ſame; ſo that the magnifying Power of 


N QzOR 
this Form of the Teleſcope is De *bick is eq 


that of Gregorie's Form. 
75. And to ſhew this is a curious Propoſition, I ſhall give 
the following eaſy Demonſtration thereof. Let HD be a 
concave Speculum, and EC a convex one, both deſcribed 
with the ſame Radius C D, on the common Axis BCD: The 
Point N, biſecting the Radius CD, will be the Solar Focus 
ts each Speeulum, Let F be a radiant Point, from whence 


1 ſtance z 
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Fig. 8. 
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Or riss. 
ſtance; in order to which, it is neceſſary to illu- 


minate them very ſtrongly with the Light of the 


a Ray FH is incident upon the concave Mirrour in H, or to 
which the Ray K E incident upon the convex Mirrour tends ; 
both thoſe Rays will be reflected to the ſame Point B in the 
Axis, and in the ſame Line EB. Laſtly, let G F be an Ob- 
jet; the Image thereof a0 form'd by the Concave is equal 
to the Image A B made by the Convex. This is evident from 


, and << = F, thole Spe- 


24 +r f—2d 
cula reſpeQively. 

76. For as 4 = FC, CB = f in the Convex; ſo in the 
Concave let FD D, and DB F; and then we have in 
the former 4: f:: 2d :, and in the latter D: F:: 
r—2D:r. But D=d+r, therefore 2 D = 24+ 27 
whence — 2D = 2d+7r, conſequently 4: F:: D: I; 
that is, CF: CB :: DF: DB. But the Object and Image 
are to each' other in the ſame Ratio in either Glaſs; and 
therefore ſince the Object is the ſame in both, the Image will 
be ſo likewiſe, or AB = ab. 

77. Sir Iſaac Newton order'd this Teleſcope to be made 
in a different Form or Manner, as follows. ABCD was a 
large Tube or Caſe; EF a large poliſh'd Specu- 


lum, whoſe Focus is at ; GH a plane Speculum truly con- 


center d, and fix d at half a Right Angle with the Axis of 
the large one. Then parallel Rays aE, bF, incident on the 
large Speculum E F, inſtead of being reflected to the Focus o, 
were intercepted by the ſmall plane Speculum GH, and by 
it reflected toward> a Hole cd in the Side of the Tube, croſ- 
fing each other in the Point O, which' is now the true focal 
Point; and from 'thence they proceed to an Eye-Glaſs / 
placed in that Hole, whoſe focal Diſtance is very ſmall, and 
therefore the Power of maynifying may be very great in this 
Form' of the Teleſcope; becauſe the Image TM is made by 
one Reflection, (for that of the plane Speculum only alters the 
Courſe of the Rays, and adds nothing to the Confuſion of the 
Image) and will for that Reaſon bear being view'd by a Glabs 
of Avery deep Charge, in compariſon of an Image form d 
by differently refrangible Rays: 

78. This Teleſcope is a very good one, as to its Effect or 
Performance, but i not ſo commodious for common Uſe as 
choie of the Gregorian Form, and is therefore now pretty 
much laid aide. They who would fee a larger Account here - 
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Candle thrown on them by another very large and 
very convex Lens (CXXIX). 


of may conſult Sir Jaac's Optics, and ſeveral Philoſophical 
Tranſafions, where he deſcribes it at large, and the Reaſons 
which induced him to make choice of this Structure rather 
than that of Dr. Gregorie : Or ſee a compendious Account of 
the whole in the laſt Edition of Dr. Gregorie's Elements of 


Optics. 


(CXXIX) 1. The Camtra Onscura, or Darken'd Room, 
is made aſter two different Methods; one is the Obſcura Ca- 
mera or Darken'd Chamber at large, and properly ſocall'd ; 
that is, any large Room or Chamber made as dark as poſſible, 
ſo as to exclude all Light but that which is to paſs through 
— and Lens in the Ball fix'd in the Window of the ſaid 

m. 

2. The other is in ſmall, and made in various Ways, as 
that of a Box, a Book whoſe Sides fold out, c. for the Con- 
veniency of carrying it from Place to Place, for taking an 
Optic View in Picture of any propoſed Place or Part of the 
Country, Town, c. and hence it is call'd the Portable Ca- 
mera Obſcura. 

3. The following Particulars are to be attended to in this 
Philoſophical Contrivance. F, That the Lens be extreme- 
ly good, or free from any Veins, Blebs, c. which may diſ- 
tort and blemiſh the Picture. del sd anni 

4. Secondly, That the Lens be always irectly agai 
the Object whoſe Picture you would have perſectly form d to 
contemplate ; for if the Glaſs has any other Poſition to the 
2 the Image will be very imperſect, indiſtinct, and con- 


5. Third.y, Care ought to be taken, that the Ball be ſufñ - 
ciently large, and the Frame in which it is placed not too 
thick, that ſo there may be ſufficient Room for turning the 
Ball every way, ta take in as many Objects as poſſible, and 
to render the Uſe thereof moſt compleat. 

6. Fourthly, The Lens ought to be of a juſt Magnitude 
or Aperture; for if it be too ſmall, the Image will be obſcure, 
and the minute Parts not viſible at a diſtance for want of re- 
quiſite Light. On the other hand, if the Aperture be too 
large, the Image will be confuſed, and become indiftinQ by 
too much Light. , £14 nn 

7+ Therefore, Fifthly, if by Experience I find that an 
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Tur Solar Microſcope is of the ſame Kind with 
the Magic Lantborn; only here the Objects are 
very mall, and ſtrongly enlighten'd by the Sun 


Aperture of 2 Inches Diameter is beſt for a Lens of 6 Feet 
focal Diſtance, I know (from what has been ſaid in the laft 
Annotaticn) that the Diameter of any other Lens of a dif- 
ferent focal Diſtance ought to be in the ſubduplicate Ratio of 
G to the ſaid focal Diftance, that the Cbject, or its Image 
rather, may be equally bright and diſtin& in both. 

8. Sixthiy, We ought not to attempt to exhibit a Picture 
of Objects in a dark Room, unleſs the Sun ſhines upon or 
ſtrongly illuminates the Objects; for mere Daylight is not 
ſufticient for this Purpoſe, the greateſt Beauty in this Phæno- 
menon being the exquiſite Appearance and Contraſt of Lights 
and Shadows, none of which can appear but from an Object 
placed in the Sun- Beams ; without which every thing looks - 
dark and dull, and makes a diſagreeable Figure. 

9. Therefore, S:wenthly, the Window, or that Side of the 
Room where the Scioptric Ball is uſed, ought to look towards 
that Quarter directly upon which the Sun ſhines, that ſo the 
illumined Sides of Objects may preſent themſelves to the Lens, 
and appear more glorious in the Picture. 

10. Eighth/y, Hence it is eaſy to infer, that the beſt Time 
of the Day for this Experiment is about Noon, becauſe the 
Sun-Beams are then ſtrongeſt, and of courſe the Picture moſt 
luminous and diſtin: Alſo that a North Window is the belt; 
though for viewing the Shadows in greateſt Perfection, an 
Eaſt or Weſt Window will anſwer the End beft. 

11. Ninthly, As the Image is form d only by the reflected 
Rays of the Sun, fo due Care ſhould be taken that none of 
the Sun's direct Rays fall on the Lens in the Window ; for if 
they do, they will, by mixing with the former, greatly diſ- 
turb the Picture, and render it very confuſed and unpleaſant 
W 

12. Tenthly, As white Bodies reflect the incident Rays moſt 
copiouſly, and black ones abſorb them moſt; ſo to make the 
Picture moſt perſect it ought to be received upon a very white 
Surface, as Paper, à painted Cloth, Wall, Sc. border d 
round with Black, that ſo the collateral . Rays which come 
from on each Side the Object may be ſtifled, and not ſuffer d 
to diſturb the Picture by Reflection. 

13. Theſe are the neceſſary Precautions for the due order · 


ing of the various Circumſtances of this Experiment, I ſhall 
| through 


OrrTics. 


through a concave Lens; they are alſo magnified 
by a ſmall Lens, of a very ſhort Focal Diſtance, 
that the Images may be thrown large and diſtinctly 


now enumerate the ſeveral principal Phænomena of: the Dark 
Chamber. The Fir of which is, that an exact and every- 
way ſimilar Image is form'd of an external Object; for Pen- 
cils of Rays coming from all Points of the Obje& will repre- 
ſent thoſe Points in ſuch a Manner and Pofition as will be very 
proportional and correſpondent to their reſpective Poſitions 
and Diſtances in the Object, ſo that the Whole in the Image 
ſhall bear an exact Similitude or Likeneſs of the Object in 
erery Reſpect. | 

14. The Second Phenomenon is, that the Image will bear 
the ſame Proportion to. the Object, whether a Line, Super- 
ficies, or Solid, as their Diſtances from the Glaſs reſpectively: 
This is evident from what has been ſaid relating to the Effect 
of a convex Lens. Hence the larger the focal Diſtance of 
the Glaſs, the more ample will be the Picture of the fame 
Object, but the leſs will be the Space or Compaſs of the Plan 
or Perſpective View. 

15. The Third Phenomenon is, that the Image or Picture 
of * Object is inverted; and this is not the Effect of the 
Glaſs, but the croſſing of the Rays in the Hole through which 
they paſs into the Room; for if a very ſmall Hole were made 
in the Window: Shutter of a darken'd Room, the Objects 
without would be all ſeen inverted, thoſe which come ſrom 
the upper Part of the Object going to the lower Part of the 
Image, and vice verſa, All that the Glaſs does is to render 


the Image diſtinct, by converging the Rays of every Pencil 
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to their proper Focus in the Picture, the Poſition of each 


Point being the ſame as before. | 

16. The Fourth Phenemenon is the Motion or Reſt of the 
ſeveral Parts of the Picture, according as thoſe of the Object 
are in either State, The Reaſon of this is very obvious; 
and this it is that gives Life and Spirit to the Painting and Por- 
traits of Nature, and is the only Particular inimitable by Art. 
And indeed a more critical Idea may be form'd of any Move- 
ment in the Picture of a darken'd Room, than from obſerv- 
ing the Motion of the Object itſelf: For Inſtance, a Man 
walking in a Picture appears to have an undulating Motion, 
or to rife up and down every Step he takes whereas nothi 
of this Kind is obſerved in the Man himſelf, as view'd by the 
bare Eye. ; 
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on the oppoſite Wall of a darken'd Room: 
Which, it well perform'd, is one of the moſt ex- 
quiſitely curious and moſt delightfully ſurprizing 


17. The Fifth Phenomenon is the Colouring of the Optic 
Picture; every Piece of Imagery has its proper Tints and 
Colours, and thoſe always heighten'd and render'd more in- 
tenſe than in the Object; ſo that in this reſpect it is an Im- 

vement of Nature itſelf, whereas the Art of the greateſt 

aſter can only pretend to a diſtant Reſemblance and faint 
Imitation. The Reaſon why the Image is coloured is becauſe 
the ſeveral Points of the Object reflecting ſeveral Sorts of co- 
lour d Rays to the Glaſs, thoſe Rays will give a Repreſenta- 


tion of thoſe ſeveral Poiuts reſpectively, and in their own Co- 


lour, and therefore in thoſe of the Object; but thoſe Colours 


will be heighten'd, becauſe they are crowded into a lefs 


11. The Sixth Phenomenon is the Claro Ofcurs, as the Ha- 
lians call it ; that is, the Intenſity of Light and Shadbau in the 
Picture: And this, as well as the Cclouring, is greatly height- 
en'd above what it is in the Object, by reaſon of the leſſer 
Area of the Picture. Here every Light and every Shade is 
expreſs'd in its proper Degree, from the moſt brillant in the 
-one, to the moſt jetty Black of the other, inclufive of a won- 
derful Variety in the ſeveral Parts, ariſing from the different 
Situations of the ſeveral Parts of the Object, and the different 
Angles of Refletion. A juſt Imitation of Nature in the 
Dittribution of Light and Shadows is perhaps the moſt diffi- 
cult Part of the Art of Painting, and on which its greateſt 
Perfection depends. 

19. The Seventh Phenmenen is the Optical PerſpeFive, or 
Projection of the Image, which is not i» Plano, or on a Plane, 
as in common Perſpective, but on a Surface deſcribed by the 
Revolution of a Comic Section about its Axis, as is evident 
from what was obſerved in Annot. CXXV. Therefore, though 
in general a plane Surface is made uſe of, and may do very 
well in large Repreſentations, yet in fmaller ones, as thoſe of 
the Portable Camera's, it is neceſſary, to have the Image or 
Picture compleat, or every where well defined, that it be re- 
ceived upon the Surſace of an Elliptic Figure, and ſuch as is 
ſuited to the middle Diſtance of the Objects. But this is a 
Nicety which few will think worth regarding, who do not 
aim at a very great Accuracy indeed in what they do, 

39., I ſhall finiſh this Subject with an Obſervation that may 
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Effects that can be produced by any Optical In- 
ſtrument whatſoever (CXXX). 


be uſeful to Perſons concerned in Drawing, and that is, That 
if an Object be placed juſt twice the focal Diftance from the Glaſs 
without, the Image will be form'd at the ſame Diſtance from 
the Glaſs within the Room, and conſequently will be equal in 
Magnitude to the Object itſelf. The Truth of this is demon- 
ſtrated in Anrot. CXXV. | 

21. Although every thing that has been ſaid of the Camera 
O3/cura is plain _—_ in itſelf to be underſtood, yet as a 
Repreſentation thereof may facilitate the Idea, I have here 
given a Diagram for that Purpoſe ; where ABCD is the 
Proſpect of a Houſe, Trees, &c. EF a darken'd Room, or 
Camera Obſcura ; on one Side is the Picture GH of the ſaid 
View inverted, form'd by a convex Lens in the Ball fix'd be- 
fore a Hole in the other Side IK at V. All which is ſo eaſy 
that nothing more remains to be ſaid to explain it. 


(CXXX) 1, The Solar TeLESCorz and SolLak Mi- 
CROSCOPE, as they ought to make a Part of the Amuſement 
of every Virtuoſo and Gentleman, ſo they deſerve a Particu- 
lar Account, and the ſeveral Ways in which they are uſed 
merit a particular Deſcription, which I ſhall illuſtrate by a 
Draught of each. 

2. The Solar TELESCOPE is applied to Uſe in the fol- 
lowing Manner. AB repreſents a Part of the Window-Shutter 
of a darken'd Room, CD the Frame, which (by means of 
a Screw) contains the Scioptric Ball EF, placed in a Hole of 
the ſaid Shutter adapted to its Size. This Ball is perforated 
with a Hole 256 through the Middle; on the Side 6c is 
ſerew id into the ſaid Hole a Piece of Wood, and in that is 
ſerew id the End of a common refracting Teleſcope GHIK, 
with its Obje&-Glaſs GH, and one Eye-Glaſs at IK; and 
the Tube is drawn out to ſuch a Length, as that the Focus of 
each Glaſs may fall near the ſame Point. 

3. This being done, the Teleſcope and Ball are moved 
about in ſuch manner as to receive the Sun-Beams perpendi- 
cularly on the Lens GH, through the cylindric Hole of the 
Ball; by this Glaſs they will be collected all in one circular 
Spot m, which is the Image of the Sun. The Lens IK is 
to be moved nearer to or farther from the ſaid Image m, as 
the Diſtance at which the ſecondary Image of the Sun is 
to be form'd requires, which is done by fliding the Tube 
IXLM backwards and forwards in the Tube 1 

| / y 
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Then of the firſt Image of the Sun will be ſorm'd a fe. 
cond Image PQ, very large, luminous, and diſlinct. 

4. In this Manner the Sun's Face is view'd at any time, 
without Offence to weak Eyes; and whatever Changes hap- 
pen therein may be duly obſerved. The Spots (which make 
ſo rare an Appearance to the naked Eye, or through a ſmall 
Teleſcope in the common Way) are here all of them conſpi. 
cuous, and eaſy to be obſerved under all their Circumflances 
of Beginning to appear, Increaſe, Diviſion of one into ma- 
ny, the Uniting of many into one, the Magnitude, Decreaſe, 
Abolition, Diſappearance behind the Sun's Diſk, c. 

5. By the Solar Tele/cope we. alſo view an Eclipſe of the 
Sun to the beſt Advantage, as having it in our Power by thi 
means to repreſent the Sun's Face or Diſ as large as we 
pleaſe, and conſequently the Eclipſe proportionably conſpi- 
cuous. Alſo the Circle of the Sun's Diſk may be ſo divided 
by Lines and Circles drawn thereon, that the Quantity of the 
Eclipſe eſtimated in Digits may this way be moſt exactly de. 
termined : Alſo the Moments of the Beginning, Middle, aud 
End thereof, for finding the Longitude of the Place: With 
ſeveral other Things relating thereto. 

6. The Tranfits of Mercury and Ferus over the Face & 
the Sun are exhibited moſt delightfully by this Inſtrument. 
They will here appear truly round, well defined, and very 
black ; their comparative Diameters to that of the Sun may 
this way be obſerved, the Direction of their Motion, the 
Times of the Ingreſs and Egreſs, with other Particulars for 
determining the Parallax and Diſtance of the Sun more nicely 
than has hitherto been done. ] 

7. By the Sclar Teleſcope you ſee the Clouds moſt beauti- 
fully paſs before the Face of the Sun, exhibiting a curious 
Spectacle . their various Degrees of Rarity and 
Denfity. But the beautiful Colours of the Clouds ſurround- 
ing the Sun, and refracting his Rays, are beſt ſeen in the 
Picture made by the Camera. Glaſi. The fine Azure of the 
Sky, the intenſely ftr-2g and various Dyes of the Margins of 
Clouds, the Halo's and Corona's, are this way inimitably ex- 
preſs d. And fince the Priſmatic Colours of Clouds, fo var. 
ouſty compounded here, make {o noble and delightful a Phz- 
nomenon, I have often wonder'd to ſee no more Regard h 
thereto by Painters, whoſe Clouds (though near the Sun] ate 
ſeldom or never ſeen tinged or variegated with thoſe na 
Tints and Colours. 

8. I cannot here omit to mention a very anu/ual Phan: 
von that I obſerved about ten Years ago in my darken'd 
Room. The Window look'd towards the Wet, wy 
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Spire of Chicheſter. Cathedral was directly before it, at the 
Viſtance of about 50 or 60 Yards. I uſed very often to di- 
vert myſelf in obſerving the pleaſant Manner in which the 
dun pals'd behind the Spire, and was eclipſed by it for ſome 
time; for the Image of the Spire and Sun were very large, 
being made by a Lens of 12 Feet focal Diſtance, And once 
as I obſerved the Occultation of the Sun behind the Spire, 
juſt as the Diſk diſappear'd, I ſaw ſeveral ſmall, bright, round 
Bodies or Balls running towards the Sun from the dark Part 
of the Room, even to the Diſtance of 2o Inches. I ob- 
ſerved their Motion was a little irregular, but reQilincar, and 
ſeem'd accelerated as they approach'd the Sun. I hele lomi- 
nous Globules appear'd alſo on the other Side of the Spire, 
and preceded the Sun, running out into the dark Room, ſome- 
times more, ſometimes leſs together, in the ſame manner as 
they follow'd the Sun at its Occultation. They appear'd to 
be in general about 38 of an Inch in Diameter, and there- 
fore muſt be very large luminous Globes in ſome Part of the 
Heavens, whoſe Light was extinguiſh'd by that of the Sun, 
ſo that they appear'd not in open' Daylight ; but whether of 
the Meteor-Kind, or what Sort of Bodies they might be, I 
could not conjecture. 

9. The SoL.ar MicroscoPe (faid to be the Invention of 
a Gran, from whom at leaſt it had its Name) is a moſt eu- 
rious Improvement in Optics, and deſerves to be greatly va- 
lued ; as it is the beſt Method which Nature will admit of, 


or Art can furniſh, for magnifying and exhibiting very ſmall 


tranſparent Objects to the View of Spectators. 
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10. To this End it has been contrived very commodiouſly Plate LT. 


in ſeveral different Forms, two of which I ſhall here illuftrate 
by Diagrams. The firſt is as follows: AB is a Section of 
the Window-Shutter of a dark Room, CD of the Frame 
containing a Scioptric Ball EF; in the Fore part whereof is 
ſcrew'd the Tube GI KH, at one End of which is a Lens 
GH, which by converging the Sun-Beams into a narrow Com- 
paſs does ſtrongly enlighten the ſmall Object a4 placed upon 
a lip of Glaſs or otherwiſe in the Part of the Tube NQ. 
where a Slit. is made on each Side for that Purpoſe. Within 
this Tube there ſlides another LM, which contains a ſmall 
magnifying Lens mn. 0 

11, By moving the exterior Tube IGH K one way and 
the other, the Glaſs G H will be brought to receive the Rays 
of the Sun directly, and will therefore moſt intenſely illumi- 
nate the Object ab. The other Tube LM being ſlid back- 
wards and forwards will adjuſt the Diſtance of the ſmall Lens 


#1, ſo that the Image of the Object ab ſhall. be made very 


Fig. 3. 
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diſtin& on the o Side of the Room at OP; and the 
Magnitude of the Image will be to that of the Object as in 
Diſtance from the Lens azz is to the Diſtance of the Objed 
from it, as has been ſhewn in Azz. CXXV. 

12. Thus for Example: Suppoſe the focal Diſtance of the 
Lens zz to be 1 Inch e, and let the Diſtance at which 
it is placed from the Object be 1, 1 4; then if the Lens be 
double, and equally -convex, (as uſual) the Diſtance of the 
Image will be == f = 110; therefore the Imaye 
will be 110 times larger than the Object in its linear Dimen- 
ons, and 110 x 110 == 12100 times larger in Surface, and 
in Solidity it will be 110 x 110 x 110 == 1331000 times 
larger than the Object. > nol | 

13. If the Lens, inſtead of 1 Inch, were but + an Inch 
focal Diſtance, then would the Diameter of the Image be 
twice as large, or 220 times larger than the Object; and the 

cies 4 times larger, wiz. 4 x 12100 = 48400; and 
the Salidity 8 times larger, wiz. 8 x 1331000 = 10648000, 
that is, above 10 Millions of times larger than the Object. 

14. Once more; for very ſmall Objects we may uſe a Lens 
Z of an Inch focal Diſtance, and then the Image at the ſame 
Diſtance as before will be in Diameter 4 x 110 = 440 times 
larger than the Object; in Superſicies, 46 x 12100 = 193600 
times larger; and in Solidity, 64 x 1331000 = 85184000 
times larger; that is, any ſolid ſmall Object will at the Di- 
ſtance of 9 Feet 2 Inches, by means of a Lens + Inch focal 
Diſtance, be magnified above 85 Millions of times. 

15.' Or more directly thus: Let the focal Diſtance of the 


 Double-Convex n be 4 = 7, and let the Diftance at which 


the Image is form'd be 12 Feet or 144 Inches /i; then 
L =1= 0,2504, which therefore may be taken for ; 


# 
of an Inch ; conſequently the Diſtance of the Image is 576 


times the Diſtance of the Object from the Lens, and ſo much 
larger will it be in Diameter, and in Surface it will be 576 x 
576 22331776 times larger, and in Solidity it will be 576 x 
76 x 576==191 102976 times larger: Or, a ſmall Blood- 
Globule, or other ſolid Particle, will be magnified above 191 
Millions of times; an Effect prodigious, and incredible to 
—ͤ —— or underſtand not 
the Rules of Oprics. 

16. If the linear Dimenſions of the Image be nicely taken 
by a By-ſtander with a graduated Scale of equal Parts, the 
Dimenſion of the Object will be known of courſe from the 
Diſtances of the Image and Obje& from the Lens; —_— 
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ceeding ſmall Objects, ſuch as the Pores of Cork, the Parti- 
cles of Blood, Animalcula in Semine, &c. there is no other 
Way of meaſuring them ſo well: And thus the Solar Micro- 
ſcape becomes a Micrometer in the laſt Degree of poſſible Men- 
ſuration. 


17. The Form of this Inſtrument, as it has been hitherto 


deſcribed, is that which I have contrived for my own Uſe, 
and for theirs who regard more the ral Convenience than 
the Grandeur of an Apparatus. However, that thoſe of a 
different 1 aſte may be gratified, the common Form is to be 
very much commended fox their Uſe ; of which it will be 
ſufficient to give a bare Deſcription, illuſtrated by a Print. 
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18. This Inſtrument conſiſts of ſeveral Parts, wiz. A, a Plate LII. 
ſquare Frame of Mahogany to be fix'd to the Shutter of a Fig, 1. 


Window by means of the Screws 1, 1. To this Frame is ap- 
plied a circular Collar B of the fame Wood, with a Groove 
on its Periphery on the Outſide, denoted by 2, 3. This Col- 
lar is connected by a Cat-Gut to the Pulley 4 on the upper 
Part, which is turn'd round by the Pin 5 within. On one 
Part of the Collar, on the Outſide, is faſten'd by Hinges a 
Looking-Glaſs G in a proper Frame, to which is fix d the 
jointed Wire 6, 7 ; by which means, and the Screw H 8, it 
may be made to ſtand in an Angle more or leis inclined to 
the Frame. In the Middle of the Collar is fix'd a Tube of 
Brais C, near two Inches in Diameter ; the End of which, 
on the Outſide, has a convex Lens 5 to collect the Sun-Beams 
thrown on it by the Glaſs G, and converging them towards 
a Focus in the other Part, where D is a Tube ſliding in and 
out, to adjuſt the Object to a due Diſtance from the Focus. 
To the End G of another Tube F is ſcrew'd one of ins 
Single Pocket Microſcopes, containing the Object to be magni- 
bed in a Slider; and by the Tube F, fliding on the 
End E of the other Tube D, it is brought to a due focal 
ce. 

19. The great Artifice and Conveniency of this Solar Mi- 
croicope is, that by means of the Glaſs G the oblique Rays 
of the Sun are made to go ſtrait along the dark Room pa- 


rallel to the Floor, inſtead of falling upon it. Thus let AB Fig. 2. 


denote a Section of the Looking-Glaſs, and SC the Rays of 
the Sun impinging upon it at C, by which they are reflected 
to the Lens D, and from thence converged towards E to illu- 
minate the Objed to be magnified ; ſo that the Beam of Light 
goes from C to E in the Direction parallel to the Floor, in- 
ead of falling on it in the Direction SG. By the Pulley 
4, 5, the Glaſs is turn d directly to the Sun, and by the 
Jouted Wire aud Screw at H is is elevated or depreſs d, ſo as 

co 
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to bring the Glaſs into the Poſition AB required, where ths 
Angle of Incidence ACS is equal to the Angle of RefleQion 
BCE. Mr. Liberklum, a Pruſſian Gentleman, was the fir 
who invented this Method of magnifying Objects, but with. 
out the Looking-Glaſs, which was afterwards added to it. 
The Theory of this Contrivance and the Magic Lanthorn i 
the _ z only hete we make uſe of Sun-Beams inſtead of 
Candle-Light, and the Object and magnifying Lens of the 
{malleſt Sine. l n 

20. Another moſt egregious Contrivance of this Sort we 
have from the late learned Dr. Graveſande, which he calls 
by the Name of HeL1iosTara, from its Property of fixing 
(as it were) the Sun-Beam in one Poſition, wiz. in an horizon- 
ral Direction acroſs the dark Chamber all the while it is in 
Uſe. It is an Automaton, or Piece of Clock-work, whoſe 
Parts are as follow. AA is a Frame in which a metalline 
Speculum S is ſuſpended, moveable about its Axis by means 
of two {mall Screws at aa. This Frame is fix d to the Piece 
C, which being hollow is moveable upon the cylindric Shaft P 
— the Iron Pin e. (See the Part by itſelf ) This Pillar P is 

d to a triangular Baſe or Foot ſet petpendicular by the 
three Screws B, B, B. # 

21. On the Back-part of the Speculum is fix'd a long cy- 
Iindric Wire or Tail D, in a perpendicular Poſition. By this 
it is connected to the ſecond Part of the Heioflata, which is 
a common 'Thirty-Hour Clock, repreſented at H; the Plane 
-of which Clock is parallel to that of the Equator in any 
given Place. This Clock is ſuſtain'd on the Column FG, in 
which it is moveable up and down by a thin Lamina or Plate 
that enters-it as a Caſe, and fix'd to a proper Height by the 
Screws d, d, at the Side. The Whole is truly adjuſted to a 
perpendicular Situation by means of the three Screws I, I, I. 
in the Tripod LLM, and the Plummet Q, whoſe Cu/pis muſt 
anſwer to the Point o beneath. 

22. The Axis of the Wheel, which moves the Index NO 
over the Hour. Circle, is ſomewhat large, and perforated with 
a cylindric Cavity verging a little to a conical Figure; and 
receives the Shank pg of the ſaid Index NO very cloſe and 
tight, that by its Mofion the Index may be carried round. In 
the Extremity O of the Index is a ſmall cylindric Ficce », 
with a cylindric Perforation to receive the Tail / of the Fork 
T, yet io as to admit a free Motion therein. In each Side 
of the Fork are ſeveral Holes exactly oppoſite to each other, 
in which go the Screws r, 7, upon whoſe ſmooth cylindric 


Ends moves the tubular Piece R on its Auricles , . 


23. When the Machine is to be fix d for Uſe, another Fane 
9 
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i: made uſe of to adjuſt it; which is call'd the Pof/or, and 
is denoted by the Letters VXYZ, The Cyinder C is re- 
moved with the Speculum from the Foot P, and the Braſs 
Column VX put on in its ſtead, and adheres more ſtrictly to 
the Pin e, that it may keep its Poſition while the Machine is 
conſtituted. 

24. On the Top of the Column, about X as a Center, 
moves the Lever VZ, ſo that it may be any how inclined to 
the Horizon, and keep its Poſition. The Arm Y X may be 
of any Length at Pleaſure, but the Arm VZ is of a peculiar 
Conſtruction, and of a determinate Length. To this Arm, 
which extends no farther than y, is adapted a Sliding-Piece 
Z x ſharp-pointed at Z. By this the Arm XZ is determined 
to a given Length, the Piece Zx being fix d by the Screws 
Ex. | 

25, Upon this Arm is drawn the ſhort Line wx, by which 
it may be lengthen'd in the Whole, and is 72; of the whole 
Length X Z when ſhorteſt. The Reaſon is, this Arm 1s al- 
ways to increaſe and decreaſe in Proportion to the Secant of 
the Sun's Declination to the Radius XZ when ſhorteſt ; but 
the Radius is to the Secant of 23* zo (the Sun's greateſt De- 
clination) as 10000000 to 10904411, or as 100 to 10g. 

26. Now the Reaſon of this Conſtruction of the Arm X Z 
is to find for any given Day the Diſtance of the Center of the 
Speculum S from the Top / of the Style /N, which muſt 
ever be equal to the Secant of the Sun's Declination ; for it 
mult always be equal to the Diſtance of the Top of the ſaid 
Style / from the Center of the Cylinder R in the Fork T, 
and that is ever equal to the ſaid Secant of Declination. 

27. For ſince the Style / N and the Fork T are in a Poſi- 
tion parallel to each other, therefore the middle Hole in the 
Sides of the Fork being (as they muſt be) of the ſame Height 
above the End of the Index O as is the Height of the Style 
NT, 'tis evident that on an equinoctial Day the Sun's Rays 
will paſs directly through the Perforation of the Piece R, if 
it be put in a Poſition parallel to the Plane of the Ecliptic, or 
that of the Clock ; and alſo that the Top of the Shadow of 
the ſaid Style will fall exactly on the {aid Hole. 

28. In chis Caſe the Top of the Style is at the leaſt Di- 
ſtance from the central Point of R, and therefore may be re- 
preſented by Radius, while in any other Poſition above or 
below, the Diſtance will increaſe in Proportion to the Secant 
of the Angle which the Rays make with this firſt or middle 
a. * paſs by the Top of the Style, and through the 

ole R. 

29. Now it may be demonſtrated, that on any Day * the 

ear, 
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Year, if the Clock and its Pedeſtal be ſo fix'd that the Lins 
of XII be exactly in the Meridian, and that the Poſition of R 
in the Fork be ſuch that the Sun's Rays go directly through 
it, and the Shadow of the Style's Top fall juſt upon the Hole; 
moreover if the Diſtance of the Center of the Speculum “ 
from the Top of the Style / be made equal (by the PH 
to the Diſtance of the central Point of R therefrom; ard 
laſtly, the Tail of the Speculum DE paſſing through R; if 
then the Clock be put into Motion, the Index N O ſhall car. 
ry about the Tail of the Speculum in ſuch a Manner, that u 
all Times of that Day when the Sun can come upon the Spe- 
culum it will reflect the Rays conſtantly in one and the ſame 
Poſition and Direction all the time without Variation. 

30. The Machine thus conſtituted is placed in a Box ot 
Caſe, and ſet in a Window with one Side open, expoſed to 
the Sun, and all the other Parts cloſe ; ſo that when the Room 
is made dark, and the Solar Microſcope fix'd to the Fore. 
part of the Box in which the Helioftata is placed, juſt againt 
the Center of the Speculum to receive the reflected horizon- 
tal Beam, all the Experiments of the Darken'd Room are then 

'd as uſual. This is a very ingenious Conſtruction 
of a Solar-Micreſcope Apparatus, and full of Art, but, I fear, 
too expenſive and troubleſome for common Uſe. However, 
"tis eaſy to ſee that this Machine is capable of being greatly, 
reduced; for it may be made to anſwer the End very well 
without a Clock ; alſo the Speculum may be Glaſs inſtead of 
Metal, and all fix'd on one Foot or Pedeſtal : But this [ 
leave to the Ingenuity of the Mechanical Reader. 
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LECTURE XI: 
Of AsTRONOMY and the Uſe of the 


OrRERY and COMETARIUM: 


Of the Universe ; an InriniTY of SYSTEMS; 
of ihe PToLOM Ac SYSTEM; the TyCcHonic 
SYSTEM 3 of the Copzrnican or SoAR 
SysTEM of the World. The Extent and Con- 
ſtituent PAR s thereof. ArcumtnTs for the 
Truth thereof. DemonSTRATIONS of its 


Truth. Of theSun; the PRIMARY PLlANx TSO; 


the Secondary Planets, or Moons. The Co- 
METS. Of the Magnitude, Motion, Maculæ, 
&c. of the Sun. Of the Number, Order, Mag- 
nitude, Diſtances, &c. of the Pl Ax ETS; their 
Periods ; of the Nodes, Inclination, and Aphe- 
lia of their OxBiTs. Of the Moon, its Pha- 
ſes, Period, Diſtance, Magnitude, and Light: 
Of the SaTELttTEs or Moons of Jupiter and 
Saturn. Of Saturn's Ring. The MaTHzema- 
tical Tryzory of the CEIESTIAL Morro, 
with CALCULATIONS and Examples, Of the 
Orrery ; an hiſtorical Account of the Invention 
and Improvements thereof. A Deſcription of 
the AxmitLLary rug. Of tbe Mor ion 
of the Earra about its Axis, and about thi 
Sun. The Viciss1TuDEs of the SEASONS e- 
Vol. II, U plained, 
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plained. Of the various LencTas of Days 
and NicaTs. The Third Motion of the Earth; 
the great PLaToxic Year; the RectssON 
of the Equinoxes explain d. A Calculation if 
the botteft Time ef the Day. ' The Doctrine «f 
Solar and Lunar EcLiests fully explain'd, by 
- Calculations on a Mathematica! Theory. 4 
Explanation of the ASTRONOMY of Cours. 
A new Method for Conſtruction of their 
_ OgpiTs. Calculations relating to the whole 
Tazory & Comets. An Analytical Inveſliga- 
tion of their Elliptic Orbits. Of their T airs, 
and all other Phænomena accounted for on the 
genuine Principles of Phyſics. 


SHALL in this Lecture endeavour to exhibit 

to you a juſt and natural Idea of the Mun- 
dane or Solar Syſtem, that is, the Syſtem of 
the World; conſiſting of the Sun; the Pri- 
mary Planets, and their Secondaries, or Moons ; 
the Comets; and the Fixed Stars; according to 


the Hypotheſis of Pythagoras among the Ancients, 
and revived by Copernicus: Which Syſtem is 


fully proved, and eftabliſh'd on the juſteſt Rea- 
ſoning, and Phyſical and Geometrical Conclu- 
ſions, by all our modern Aſtronomers (CXXXI). 


(CXXX1) 1. By the Uniyza5 we are to underſtand the 
whole Extent of Space, which, as it is in its own Nature eve- 
ry way infinite, gives us an Idea of the Infinity of the Uni 

which can therefore be only in Part comprehended by 
: And that Part of the Univerſe which we can have any 


tha the the Eye preſents us with an Idea of a vaſt extended Pro- 
Da THE 


otion of, is that which is the Subject of our Senſes ; and of 


> {fue 20 own 
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Tat moſt celebrated Hypotheſes, or Syſtems 
of the World, ate three, viz. (1.) The Ptolo- 
mean, invented by Ptolomy, an ancient Egyptian 
Philoſopher, which aſſigns ſuch Poſitions and Mo- 
tions to the heavenly Bodies, as they appear to 


ſpect, and the Appearance of various Sorts of Bodies diſſe- 
minated through the ſame. 

2, The infinite Abyſs of Space, which the Greeks call'd 
the 72 , the Latins the Inane, and we the Univerſe, does 
undoubtedly comprehend an Infinity of Syſtems of moving 
Bodies round one very large central one, which the Romans 
call'd Sal, and we the San. This Collection of Bodies is 
therefore properly call'd the 8oLAR SYSTEM, and ſometimes 
the Mun baxE SYSTEM, from the Latin Word Mundus, the 
Warld. 

3. That the Univerſe contains as many Solar Syſtems or 
Worlds as there are what we call Fix'd Stars, ſeems reaſona- 
ble to infer from hence, that our Sun removed to the Diftance 
of a Star would appear juſt as a Star does, and all the Bodies 
moving about it would diſappear entirely, Now the Reaſon 
why they diſappear is becauſe they are opake Bodies, and 
too ſmall to be ſeen at fo great a Diſtance, Without an intenſe 


Degree of Light; whereas theirs is the weakeſt that can be, 


as being firſt borrow'd and then reflected to the Eye. | 
4. But the Sun, by reaſon of his immenſe Bulk and innate 
Light, which is the ſtrongeſt poſſible, will be viſible at an 
immenſe Diſtance ; but the greater the Diſtance, the leſs 
bright it will appear, and of a leſſer Magnitude : And there- 
fore every Star of every Magnitude may probably be a Sun 
like our own, informing a Syitem of Planets or moving Bo- 
dies, each of which niay be inhabited like our Earth with 
various Kinds of Animals, and ſtored with vegetable and 
other Subſtances. | | 0 
5. In this View of the Univerſe, an auguſt Idea ariſes in 
the Mind, and worthy of the Infinite and Wiſe Author of 
Nature, who can never be ſuppoſed to have created fo man 
glorious Orbs to anſwer ſo trifling a Purpoſe as the twinklin 
to Mortals by Night now and then; beſides that the far 
4 — Part of the Stars are never ſeen by us at all, as Will 
farther ſhewn when we come to treat of thoſe cgleſtial 
6. When therefore Moſer tells us, that in the Beginning 
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the Senſes to have. (2.) The Tychonic Syſtem 
or that of the noble Daniſh Philoſopher, Tycho 


Brabe. (3.) The Pythagorean, Copernican, or . 
Solar Syſtem, above-mention'd. Of all which in * 
Order (Cxxxl j. 
. o * it 
God created the Heavens and the Earth, it is to be underſiood * 
in a limited Senſe, and to mean only the Making, or rather Ve 
Nexw-making, of our Terraqueous Globe; for tis expreſsly (7 
faid that the Earth in its firſt State was a Chaos, (in Hebrew - 
TIN 3171; Shapelc/s and Vaid) which probably might be mu; 
only the Ruins of a pre exiſtent Globe, inhabited by rational to 
Creatures in the ſame manner as ſince its Renovation. And 
it be ſaid, God made two great Lights, the Sus and the 
Moen, it does not follow they had no Exiſtence before that whie 
Time, aby more than it does that the Stars had not, which and 
he is ſaid to have made alſo. the 
7. Now if the Stats bad no Exiſtence before the Moſaic relat 
Creation, then were there no other Syſtems of Worlds be- Judg 
fore our on; then muſt all the Infinity of Space have been bein 
one eternal abſolute n or Empty Space till that Time, ard ance 
God who unde the Worlds mul be ſuppoſed to have made 3. 
them all at once: Which Suppoſitions are too extra Syſte 
and unreaſonable, and therefore cannot be the Senſe of that on w 
Paſſage of Scripture ; "which I think can be no more than this, Thin 
that when had form'd the Barth into an habitable Globe, were 
he gave it ſuch a Poſition and Motion about the Sun, and equal 
about its own Axis, as-ſhovld cauſe an agreeable Variety in was C 


the Length of Days and Nights, and in the Temperature of whict 
the Seaſons of the Year: All which will be ſhewn to have depar 


their Exiſtence and Diſtinction reſulting from theſe Principles, 4. 
and no other, in the Sequel of che Notes to this Lecture. _ 


(CxxXxI) x. I have thought it expedient to illuſtrate the tainer 

Idea of the three remarkable Syſtems of the World above- ſame, 
mention d by proper Di in the Firſt of which you Earth 

PI. LIV. view the Ditpoſicdon of the Heavenly Bodies according to Sun 3 
Fig. 1. the of Claudiur Ptolomeus, a famous Mathema- Script 


| -  tician aud Aſtronomer of Pelußam in Egypt, who lived in the dun, 
| firſt Part of the ſecond Century after Chri/?. . 
2. This was firft invented and adhered to chiefly becauſe cient 
it ſeem'sd to correſpaad with the ſenſible Appearances of the may () 
Celeftial Motions. They took it for that the Motions ve no 
ec} Tur Late! 
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Tur Ptolomean Syſtem ſuppoſes the Earth im- Pl. LIV. | 
moveably fix*d in the Center, not of the World Fig: 8 | 


only, but of the Univerſe; and that the Sun, the 
Moon, the Planets, and Stars, all moved about 
it from Eaſt to Weſt once in twenty-four Hours, 
in the Order following, viz. the Moon, Mercury, 
Venus, the Sun, Mars, Jupiter, Saturn, the Fix'd 
Stars , and, above all, the Figment of their Pri- 
mum Mobile, or the Sphere which gave Motion 
to all the reſt. But this was too groſs and ab- 


which thoſe Bodies appear'd to have were ſuch as they truly 


and really perform'd ; and not dreaming of any Motion in 
the Earth, nor being apprized of the Diilinction of ab/olute, 
relative, or apparent Motion, they could ' not make a proper 
judgment of ſuch Matters, but were under a Neceſity of 
being miſled by their very Senſes, for want of proper Aſſiſt- 
ance which After-Ages produced. R '8 lant: AC 
3. Tis eaſy to obſerve they had no Notion of any other 
Syſtem but our own, nor of any other World but the Earth 
on which we live. They thought nothing leſs than that all 
Things were made for the Uſe of Man; that all the Stars 
were contain d in one concave Sphere, and therefore at an 
equal Diſtance from the Earth; and that the Primum Mobil 
was circumſcribed by the Cælun Eupyreum of a cubic Form, 
which they ſuppoſed to be the Hauvn, or- bliſsful Abode of 
departed Souls. 1 its \ 80 7 27 | \ 5 * > 
4. It would ſcarce have worth while to have ſaid ſo 
much about ſo abſurd an Hypotheſis; - (as this is now well 
known to be) were it not that there are ſtill numerous Re- 
tainers thereto, who endeavour very zealoyſly to defend the 
ſame, and that for two Reaſons principally, wiz. becauſe the 
Earth is apparently fixed in the Center of the World, and the 
Sun and Stars move about it daily and alſo becauſe the 
Scripture aſſerts the Stability of the Earth, the Motion of the 
, Ec. | tan \ to 0 » WUlS 881 
5. Theſe two Arguments merit no particolar Anſwer. It is ſuf⸗ 
cient, with reſpect to the ſirſt, to ſay, thatwiteareafiur'd Things 
may (yea muſt) appear to be, in many Gates; what theyrneally 
re not, yea, to have ſach Affectinns ani Properties as ang. 
ſolutely contrary to what they really poſſeſs. Thus a Perſon 
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ſurd to be received by any learned Philoſopher, 
after the Diſcoveries by Obſervations and Inſtru- 
ments which acquaint us with divers Phænomena 
of the heavenly Bodies, altogether inconſiſtent 
with, and, in ſome Things, exactly contradicto- 
ry to, ſuch an Hypotheſis ; as will be ſhewn by 
the Arguments adduced to prove the Truth of 


the Copernican Syſtem. 


Tu Tychonic Syſtem ſuppoſed the Earth in the 
Center of the World, that is, of the Firmament 


ſitting in the Cabin of a Ship under Sail, will, by looking out 
at the Window, ſee an apparent Motion of the Houſes, the 
Trees, c. on the Strand the contrary way, but will per- 
ceive no Motion at all in the Ship. Alſo a Perſon fitting in 
a Wind-Mill, if the Mill be turn d about, he will ſee an ap- 
parent Motion of the upright Poſt the contrary Way, but 
will not perceive any in the Mill itſelf. 

6. All thoſe Caſes are exatily parallel to that of the Earth, 
{the Reaſon of which bas been ſhewn in the former Part of- 
this Work, Arznot. XX.) and it is as rational to aſſert the Ship 
and the Mill are really quieſcent, and the other Bodies pofi- 
tively in Motion, as it is to inſiſt on the Motion of the Sun, 
and the Earth's being at Reſt in the Center. 

7. As to the Scriptute, as it was never intended for an In- 
ſtitution of Aftronomy or Philoſophy, ſo nothing is to be 
underſtood as ſtrictly or poſitively aſſerted in relation thereto, 
but as ſpoken only agreeably to the common Phraſe or vulgar 
Notion of Things. And thus Sir 4/aac Newton himſelf would 
always ſay, the Sun riſes, and the Sun ſets ; ard would have 
ſaid with 7-foua, Sun fand thou fill, &c. though he well 
knew it was quite contrary in the Nature of the I bing. 

8. How ridiculous a Thing does Popery appear to be to 
all rational Minds, or to thoſe who are at liberty to think, by 
inſiſting on the literal Senſe of Scripture ſo rigidly in the Ex- 
preſſion, This is my Bech And is it not equally abſurd to 
maintain that the Earth flands upon Fillars, only becauſe we 
read ſo in the Bible? What an aukward Shift are thoſe cele- 
brated Mathematicians Meſſ. Le Sur and Jacguier obliged to 
make, in their Commentary on Sir ſgac's Principia ! The 
Editor, ſorſooth, is here the Commentator on all thoſe Parts 


of 


ASTRONOM vx. 


of Stars, and alſo of the Orbits of the Sun and 
Moon ; but at the fame Time it made the Sun 
the Center of the Planetary Motions, viz. of the 


Orbits of Mercury, Venus, Mars, Jupiter, and 
Szturn, Thus the Sun, with all its Planets, was 
made to revolve about the Earth once a Year, to 
ſolve the Phenomena ariſing from the annual Mo- 
lion; and the Earth about its Axis from Weſt to 
Eaſt once in 24 Hours, to account for thoſe of the 
diurnal Motion, But this Hypotbęſis is ſo mon- 


that relate to the Earth's Motion, or Copernican Syſtem: And 
becauſe their Declaration is ſomething very fingular in its 
Kind, I ſhall here give it in their own Words. 


| PP. Le Seur & Jacquisk Declaratio. 
 MNewwtonus in hoc tertio libro Telluris mate bypatheſin aſſumit. 
Autoris Propaſitiones aliter explicari non poterant, niſi eadem quo» 
que factã hypotheſis Hine alienam coadti ſumus gerere perſonam; 
| caterum latis a ſummis Pontificibus contra Telluris Motum Decre- 
1 tis nos obſequi profitemur. 
| In Engl thus: 
* Newton in this Third Book has aſſumed the Hypotheſis 
| * of the Earth's Motion. The Author's Propoſitions are 
not to be explain'd but by making the ſame Hypotheſis 
* alſo, Hence we are obliged ro proceed under a feigned 
Character; but in other Reſpects we profeſs ourſelves ob- 
* ſequious to the Decrees of the Popes made againſt the Mo- 
tion of the Earth. | 


9. By this it appears how well many People underſtand the 
Truth, who yet dare not to profeſs it But to conclude this 
Head : There is no Authority equa! to that of Truth; the 
common Opinion, the literal Expreſſion of Scripture, the De- 
| crees of Popes, and every thing elſe mult give way to plain 
and evident Demonſtration ; of which we have abundantly 
ſufficient for eſtabliſhing the true Syſtem of the World a- 
gainſt all Oppoſition. 8 
10. The ''ycyonic Srsrzu is repreſented in the next pl. LIV. 
Diagram. This had its Original from che Brahe, a No. Fig, 2. 
bleman of Denmark, who lived in the latter Part of the laſt 
Century ; he built and made his Obſervations at Uraniburg, 
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Rrouſly abſurd, and contrary to the great Simpli- 
cicy of Nature, and in ſome reſpects even contra- 
dictory to Appearances, that it obtain'd but little 
Credit, and ſoon gave way to 

Tun Copernican Syſtem of the World, which 
ſuppoſes the Sun to poſſeſs the central Part; and 
that about it revolve the Planets and Comets in 
different Periods of Time, and at different Di- 
ſtances therefrom, in the Order following, viz. 
(CXXXIII. 


e. Celeſtial Trauer] in the Iſland of Heer or Huena. This 

hiloſopher, though he 9 of the Coperni-an Syſtem, 
yet could he not reconcile himſelf to the Motion of the Ear h; 
and being, on the other hand, convinced the Prolomean 
Scheme in Part could not be true, he contrived one different 
from either, which is repreſented by the next Diagram. 
11. In this the Earth has no Motion allowed it, but the 
Annual and Diurnal Phænomena are ſolved by the Motion of 
the Sun about the Earth, as in the Pro/omaic Scheme; and 
thoſe of Mercury and Venus are ſolved by this Contrivance, 
though not in the ſame Manner, ſo fimply and naturally, as 
iti the Copernican Syſtem ; as is eaſy to obſerve in the Figure. 

12. After this Scheme had been propoſed ſome time, it 

received a Correction, by allowing the Earth a Motion about 
its Axis, to account for the Diurnal Phænomena of the Hea- 
vens; and ſo this came to be call'd the Semi-Tychonic Ae 
But this was ſtill wide of the Truth, and encumber'd with 
ſuch Hypotheſes as the true Mathematician and genuine Phi- 
loſopher could never reliſh. Therefore both theſe Syſtems, 
and all others, at length gave way to the True Solar Syſtem, 
to be more fully deſcribed in the ſollow ing Notes. 


(CXXYXIII) 1- The Solar SysTEM, as it is now taught, 
was in ſome part invented by the Ancients, perhaps by Py- 
thagoras himſelf ; for though Diogenes Laertins in writing his 
Life ſays no more of him than bis a/erting the Antipodes of 
the Earth, yet Ariſtotle tells us that the Sect of the Pythago- 


tram taugit that the Earth was carried about the Center (viz. 


the Sun) among the Stars, (7. e. the Planets) and by turning 
afout (its Axis) cauſed Dey and Night. Hence it came to be 
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I. Mzxcury, at the Diſtance of about 32 
Millions of Miles, revolves about the Sun in the 
Space of 87 Days, 23 Hours, and 16 Minutes. 
IL Venus, at the Diſtance of 59 Millions of 
Miles, in 224 Days, 16 Hours, 49 Minutes. 

III. Twuz EarTH, at the Diſtance of about 
92 Millions of Miles, in 365 Days, 6 Hours, 9 
Minutes, or Sydereal Year. 


call'd the PyTHAGoRBAN LiyPOTHES1S or SYSTEM of the 
World. 

2. But ſome of theſe, tis ſaid, allow'd only one Motion 
to the Earth, wiz. the diurnal ; while others, as Philolaus, 


leucus the Mathematician, and others, maintain d the Earth 
had two Motions, the diurnal about its Axis, and the annual 
Motion about the Sun. Hence it is alſo call'd the Pa1to- 
LAIC SYSTEM. 

3. But the Aſtronomy of theſe early Ages died in its In- 
fancy, and was buried in Oblivion for many Ages after; till 
at length it began to be revived by Cardinal Cz/a, who wrote 
in Defence of it, but to no great Purpoſe, till after him it 
was eſpouſed by the celebrated Nicholas icus, a Canon 
of Thorn in Poliſh Pruſſia, where he was born A. D. 1473. 
This Gentleman undertook to examine it thoroughly, and ex- 

lam'd by it the Motions and Phænomena of the Heavenly 
| Bodies ſo well to the Satisfaction of the Learned, that he 
a generally follow'd therein by the principal Aſtronomers 
of that and the followin Age; as Rbheticus, Rothmannus, 
Lauſbergius, Scickardius, erus, Galileus, and numberleſs 
others. From this Time it was call'd the Corsanicay 
SYSTEM, 
4. After this aroſe divers Men, as Gafſendus, Heve+ 
lus, —_— _ the — So wn Her- 
er, Biſhop Ward, . Flamffecd, Dr. Hes Dr. 
Dr. Keil, and, above all, — ſuperlative Genius Sir — 
Newton ; who all of them, with the greateſt Pains and 2 
pots applied themſelves to make Obſervations, to invent 
2 and to inveſtigate the Phyſical Cauſes of Cele- 
al Phznomena ; in which they ſo happily ſucceeded, eſpe- 
cially the laſt great Man, that the Nature, Extent, Order, 
pac Conltirutign of all and every Part gf the Solar Syſtem, 


IV, Mars, 


Ariflarchus the Samian, Plato in his advanced Age, alſo Se- 
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flance: and Maynitudes (though no bigger than thoſe here aſſign Ui 
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IV. Maxs, at the Diſtance of 123 Millions of 
Miles, in 686 Days, 23 Hours, 27 Minutes, cr 
1 Year, 321 Days, 17 Hours, and 18 Minutes, 

V. Jurir Ex, at the Diſtance of 424 Millions 
of Miles, in 4332 Days, 12 Hours, 20 Minutes, 
or almoſt 12 Years. 

VI. SaTuRn, at the Diſtance of 777 Millions 


both of Planets and Comets, became ſo well defined, lated, 
and eſtabliſhed, as to admit of no Conteſt or Scruple, with 
any Man properly qualified to underſtand it ; and which there- 
fore ought for the future to be call'd the NewrToniar 
SyYsTEM of the World. 
F. This Srsrzu (no longer now to be call'd an Horb 
. itſelf, with the Orbits of al 
the Planets and Comets (hitherto determin'd) and at their 
Diſtances from the Sun, repreſented by the central 
int; it being impoſſible to repreſent, either by an Inftre- 
ment or Diagram, the true Proportion both of Magnitude 
_ Diſtances of the Sun and Planets, as will appear by what 
ou. a | 
6. For it muſt be allowed, that to render any Machine or 
Delineation uſeful, the leaſt Part ought to be viſible ; and 
one cannot well aſſign a leſs Bulk for the Globe of the Moon, 
than what is here repreſented in this Plate; which being fir d 
vpon, the itudes of the Planets Mercury, Vini, the 
Earth, Mars, Jupiter, and Sotyrn and its Ring, muſt be ſuch 
as are ſhewn under the reſpective Names in the Plate; and 


with reſpect to theſe the San's Bulk or Face will be repre 


ſented by the exterior Circle of the Diagram, which here re. 
preſents the Ecliptic in the Heavens, and is nearly 9 lucbes 
m Diameter. 
7. Now the Diameter of the Earth in this Scheme i 7: 
of an Inch, its Semidiameter is therefore 30 ; and the Di- 
ſtance of the Earth from the Sun's Center is about 20000 Se. 
midiameters. But 20000 x = 1000 Inches = 833 Fett; 
and fince the Diſtance of Saturn is near ten times as great, " 


is evident the Extent or Diameter of a Machine to _— — 
1 Di 


will be at lraft 1600 Feet, or more than 4 Quarter of a Mit: 


And conſequently the Circamference of Saturn's Orbit will nes 


ſure very near a N of 


. "=" 5 1 | 4 P 4 
LE ae nn abs ta —— 1 6 — . a. Aw. Ad. — ns EINY — — 


— Br Wi 


n SEE 1 
6 bees 000 eee eee — 2 — 0 


ers Phe Comet of 1666 


Nen 


ASTRONOMY. 315 


of Miles, in 10759 Days, 6 Hours, 36 Mi- | | 
utes, or nearly 30 Years., | 
VII. Tu Cours, in various and vaſtly ec- i 

entric Orbits, revolve about the Sun in different 

Situations and Periods of Time, as repreſented in 
he Scheme of Mr. Vbiſton's Solar Syſtem 

(CXXXIV). | | 


8. In a much leſs Compaſs indeed the Diſtances might be 
repreſented very well in Proportion, but the reſpective Mag · 
nitudes can no otherwiſe be ſhewn than by fuch Globes or 
graphical Delineations as is the Plate of the Diagram under 
Conſideration. Another Thing which cannot be properly re- 
preſented in ſuch a Plate is the Inclination of any P 
Orbit to the Plane of the Ecliptic, eſpecially the Orbits of 
he Comets, of whoſe Poſitions we can by no means this way 
get any Idea. The ſeveral Parts therefore of the Solar Sy/eme 
mult be explain'd and illuſtrated by diſtin Theories, with 
proper Figures adapted to each: And this will be the Subje& 
of the following Notes. 1 


(CXXXIV) 1. The Periodical Times of the primary Pla- 
nets Sir aac Newton has ſtated in Days and Decimal Parts of 
a Day, as follows: 


; L G od * 
87,9692. 224,176. 365, 2565. 686,978 5. 4332,514. 


Þ 
10759,275. 
2. The mean Diſtances of the Flanets from the Sun are 
bus ſtated by Sir 1/aac ;. | 
According to Kepler, | 
8 ? G Gy + 
38806. 72400. 100000. 152350. 519650, 951000. 
According to Bullial/dus, 


38585. 72398. 100000. 152350. 522520, 954198. 
According to the Periodical Times, 
38710. 72333. 100000. 152369 520096. 954006. 
3. Before we can ſhew how the Periodical Times and Di- 
ſtances of the Planets are found, it will be neceſſary to pre- 
miſe the following Things, viz. The Orbit of 4 Planet is nat Pl. LVI. 
in the Plane of the Ecliptic, Thus let AN LO be the Orbit Fig. 1. 
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of a Planet P, and let BCET be the Earth's Orbit, which 
is in the Plane of the Ecliptic; then will one Half of the 
Planet's Orbit lie above the Plane, as N LO, and the other 
Half NAO below it. 

4. The two Planes, therefore, of the Planet's Orbit and of 
the Ecliptic will interſef one another, which Interſection will 
be a Right Line, as NO; and this is call'd the Line of the 
Nodes, the Nodes being the two Points N and O, in which the 
Planet deſcends below, or aſcends above, the Plane of the 
Ecliptic : Whence O is call'd the A/cending Node, and N the 
Deſcending Node. 

Let the Curve NO be deſcribed in the Plane of the 

iptic perpendicularly under the Half-Orbit N LO; then 
is the Curve NO ſaid ro be the Projetion of the Plans 
Orbit N LO. ez the Plane of the Ecliptic, and p the projected 
Place of the Planet P, or its Place reduced to the Ecliptic. 

6. The Angle LO meaſures the nclination of the Plane 
of the Planet's Orbit to that of the Ecliptic ; which is alſo 
call'd the Obliguity thereof, e perpendicular Diſtance Pp 
is the Latitude of the Planit from the Plane of the Ecliptic; 
and Lm is the Latitude, if LO or LN be a Quarter 
of a Circle. Alſo the Diſtance of the Planet from the Node, 
wiz. PO, is call'd the £rgument of Latitude. 

7. Draw SP, Sp, and TP, Tp, and join 8 T; then is the 
Angle PSp the true Latitude ſeen from the Sun at 8, and 
therefore call d the Haliocentric Latitude; and the Angle PTp 
is-the apparent Latitude, or that which is ſeen from the Earth 
at T, and is therefore call'd the Geocentric Latitude. 

8. The true Diſtance of the Planet from the Sun and 
Earth is meaſured by the Lines SP and PT; but Sp and I) 
are call'd the Curtate Diffances. Alſo in the Triangle 8p T, 
the Angle 8 Ty is call'd the, Auge of Elongation, or Diſtance 
of. the Planet from the Sun. Angle SpT is call'd the 
Parallaftic Angle, as being that under which the Semidia- 
meter of the Earth's Orbit is ſeen ; and the Angle pST at 
the Sun is uſually call'd the Ag of Commutation. 

9. We may now proceed to ſhew the Methods of deter- 
minigg the Feriadi qa ine of a Planet; which may be done 
either. hy the Conjunctions or * — of the Planet to 
the Sun Thus, fat, Example, obſerve well the Place of Ja- 


pier in the Eclipye at bis Oppoſition to the Sun, and alſo 
when he comes to be in Oppoſition to the Sun again — 
note well the Tune lapſed between. Then ſay, 4s * 
Arch A ileu betmueen the baue Oppoſitians is to the whole Cir- 
cumference, ſo is the ime in aulich that Arch was deſeribed to 
the Periodical Time, very nearly; for it will not be * — 
8 2 
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becauſe the Motion of a Planet is not quite uniform, as 
moving in an Ellipſis, and not in a Circle. In the fame man- 
ner you proceed for an inferior Planer. 

10. But a more accurate Method is by obſerving nicely 
the Time that elapſes between the Planet's being twice ſuc- 
ceſively in the ſame Node, (which may be eaſily known, be- 
cauſe in that Part of its Orbit the Planet has no Latitude) 
and that will be the Periodical Time of the Planet; for in 
one Revolution of a Planet, the Nodes (if they move at all) 
will not move ſenſibly, and may therefore be efteem'd as 
quieſcent. | 

11. In order to eſtimate the Diſtances of the Planets, we 
proceed for Venus and Mercury in the following Manner. Let 
the Place of the Planet in 'its greateſt Elongation from the 
Sun be duly obſerved, the Difference between that and the 
Sun's Place (as ſeen from the Earth) will be the Quantity of 
the greateſt Elongation, or of the Angle ATS, with reſpect 
to the Planet Venus in her Orbit at A. And ſince the Orbit 
of Venus is nearly circular, the Line T A will touch the Orbit 
in the Point A, and ſo the Angle TAS will be a Right one. 
Suppoſe the Angle ATS = 47 Degrees -@ mow 6) 
then if we put the Diſtance of the h ST = 100009, 
ſay, As Radius or Sine of go“ is to the Sine of 47, 16 
TS = 100000 to SA = 73000, nearly the Diſtance of 
Vaus from the Sun. | 

12. In like manner may the Diſtance of Mercury from the 
Sun be determined in the Groſs, but not ſo nearly as that of 
Venus, becauſe the Orbit is much more excentric or elliptical, 
and therefore the Angle TRS will not be a Right one. Its 
Quantity therefore muſt be found from the Theory of the 


Motions of Mercury founded on Obſervations ; and from thence . 


the third Angle TSR will be known, and conſequently the 
Side SR, Which is the Diſtance of Mercuty from the Sun. 
13. In the Superior Planets this Matter is not quite ſo 
eaſy ; however, there are divers Methods by which it may 
be done, by having the Theory of the Earth known, which 
ves the Side 8 T; _— the Angle STP is 
„Which is the Difference of the Geocentric, Place of 

the Sun and Planet; then there remains only the Angle SPT 
to be found, which Aſtronomers ſhew how to do ſeveral 


Ways; one of which is peculiar to Fupiter, being done by 
means of one of his Satelhtes, as wilt be ſhewu when we.. 
Narnia it 7 To Nun 


treat of them. 1 01 430169 1 
14. As I have in this Note mention'd the Indination' of 

the Planets Orbits to the Plane of the Eeliptic, I hat 

the W theregf far er e e e 
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| ® 054 

Mercury is 6 59 n» 

Jem — — 3 23 g 

The Inclination of the Orbit of { Mars — — 1 52 
Jupiter — 1 20 

Saturn — — 2 33 4 

15. Alſo the Line of the Nodes in the ſeveral Planeta 

Orbits is determined; and the Place in the Ecliptic of the 

Aſcending Node for each Planet is as follows: 
0 


* 

Mercury in 8 14 42 oo 
Ferus — 1 14 25 54 
For { Mar: — 8 18 29 54 
Jupiter — 35 7 19 54 


Saturn — 8 21 49 54 


16. The Diſtances of the Planets from the Sun as abor 
determined are reducible to Engl Miles, by firſt finding the 
Earth's Diſtance in that Meaſure ; and this is done by finding 
the ity of the Sun's Parallax, that is, of the Angle w- 
der which the Earth's Semidiameter appears at the Sun. Thu 
let S be the Center of the Sun, and C the Center of the 
Earth DEF in her Orb AB; the Angle DSC is that wid 
we ſpeak of, as being that under which the Semidiameter 
CD of the Earth appears at the Sun. 

17. To find this Angle Aſtronomers have attempted Va- 
riety of Methods, but have as yet found none that will deter- 
mine it exactly; however, by many repeated Obſervations of 
Dr. Halley it is found to be not greater than 12", nor le 
than gf. Wherefore 103” (the Mean) has been fix'd upon 
as near the Truth, which we muſt be contented with til 
May 26, 1761, when Vu will tranſit the Sun's Diſk, by 
which means the ſame Gentleman has ſhewn the Sun's Pa 
rallax may be determined to a great Nicety, wiz. to within 
a 5oodth Part of the Whole. See Phil. Tranſ. N* 34%, 
abridged by Jones, Vol. IV. 

18. Suppoling therefore the Angle DSC = 10# 30%, and 
the Side DC = 1 ; then ſay, 

As the Tangent f _ DSC 10/7 30% ' = 5, 706764 

N Der 1 = o, oooooo 

is Radius 90* = 10,000000 

mY by 3 abi — 

To the Side Sc S 19657,8 = 4.293236 
Then 19657, 8 Semidiameters of the Earth multiplied by 
S 78631200 Engliſh Miles for the Diſtance of the 
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are to be inveſtigated, by meaſuring their apparent 
— with a Micrometer adapted to a Telefcope. 
Thus the Sun in his mean Diſtance will be to ſubtend 
an Angle of 32/ 12” = 1932”, and the Earth at the Sun 
W {btends an Angle of 21” (being double the Angle DSC). 
Therefore the Sun's Diameter is to the Earth's Diameter as 
1932 to 21, that is, as 10000 to 109. 

20. Again: Mr. Pownd (with the Hugenian Teleſcope of 
123 Feet) found Saturn ſubtended an Angle of 16", There- 
fore if Saturn were brought to the mean Diſtance of the 
Earth from the Sun, his apparent Diameter would be in- 


cxaled in the Ratio of ee „% that in, few Diamoter 
100000 ; 
would be ſeen under an Angle equal 2 x 16 = 
100000 


15264096. Whence the Sun's Diameter is to Saturn's as 
1932": 152,”%64096 :: 10000 : 790. | 

21, The ſame Gentleman meaſured Jupiter's apparent Di- 

ameter, and found it ſubtend an Angle of 37”; wherefore 

Jufiter at the 2 of the Earth would ſubtend an Angle 
52009 2 P . 

equal to — 37” = 192,417. Hence the Sun's real 


Diameter is to that of Jupiter as 1932” : 192,417 :: 10000 : 


996. 

22. Hugenius meaſured the Diameter of Mars when neareſt 
the Earth, and found it did not exceed 307; and that the 
Diltance of Mars from the Earth was then to the Sun's mean 
Diſtance as 15 to 41. (See his Sy/fema Seturnium.) Therefore 
Mar: removed to the Diſtance of the Sun would ſubtend an 
Angle equal to 5 x 30 = 10,9756. Whence the Dia- 
meter of the Sun is to that of Mars as 19327 to 10,9786 21 
10000: 57. , | 7 
23. Dr. Halley collected from the Appearance of Venus 
in the Sun's Diſk, May 26, 1761, that Venus ſeen from the 
Sun at her mean Diſtance would appear under an Angle. of 
30"; conſequently, at the Sun's mean Diſtance ſhe would 
appear under an Angle equal to 33. x 300 = 21,6999. 


100000 
Therefore the Sun's real Diameter is to that of Ven as 
1932 : 21,6992 :: loo: 112. | 

24. The ſame learned Gentleman by the like means finds 
Mercury at his mean Diſtance ſubtend an Angle of 20%, and 


therefore at the Sun an Angle of 222 x 207 = 7742. 
| Where- 
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Wherefore the Diameters of the Sun and Mercury are 3 
2932 : 7,742 :: 10000 : 40. | 

25. There are other Phznomena of the Planets to be ob- 
ſerved, from whence ſeveral important Diſcoveries have been 
made in the Phyſical Part of — Thus the Sun and 
ſome Planets, when view'd with a good Teleſcope, appex 
to have dark Spots on their Surface ; by theſe Spots thoſe Bo- 
dies are found to have a Motion about their Axis, and the 
e 
tic is by this means determined. 

26. Theſe Spots are molt numerous and eaſily obſerved in 
the Sun. It is not uncommon to ſee them in various Forms, 
| and Numbers, moving over the Sun's Diſt. 


Magnitudes, 
They were firſt of all diſcover'd by the lyncean Aſtronomer 


Galileo, in the Year 1610, foon after he had finiſh'd his new- 
invented Teleſcope. | 

- 27. That theſe Spots adhere to or float upon the Surfact 
of the Sun, is evident for many Reaſons. (1.) For many 
of them art obſerved to break out near the Middle of the 


- Sun's Diſk ; others to decay and vaniſh there, or at ſome 


Diſtance from his Limb. (2.) Their apparent Velocities are 
always greateſt over the Middle of the Diſk, and gradually 
ſlower thence on each Side towards the Limb. (3 ) The 
Shape of the Spots varies according to their Poſition on the 
ſeveral Parts of the Diſk; thoſe which are round and broad 


28. By 


Obſervations of the Intervals of 


| comparing many 
Time in which the Spots made their Revolutions, by Galle, 


Ca, Scheiner, Heyelins, Dr. Halley, Dr. Derbam, and o- 
thers, it is found that 27 Days, 12 Hours, 20 Minutes is the 
Meaſure of ove of them at a Mean: But in this Time the 


Earth deſcribes the angular Motion of 26* 22/ about the 


Sun's Center ; therefore ſay, As 360* ＋ 26˙ 22/ is to 3600, 
fo is 27d 12h. 2o/ to 25d. 15h. 1600; which therefore 5 
the Time of the Sun's Revolution about its Axis. 
29. Had the Spots moved over the Sun in right lined Di- 
rections, it would have n to hw 
perpendicalar to the Plane of the Ecliptic ; but ſince 
move in a curvilinear Path, it proves bis axis inclined to the 
of the Ecliptic ; and it is found by Obſervation, that 
equal to )“ 300; chat is, it BD paſſing through 
the 


the dun C icular to the Plane of 
Earth's Equator HI, then will the Axis of the Sun's Motion 
AE contain with that Perpendicular the Angle ACB= 7' 
-” g 3 


9 am fa. = OA_-_ xi 
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30 Gl, the Angle which the Equator of the Sun G F. 
makes with the Plane of the Ecliptic. 


40. And the Points in which a Plane paſſing through the - 


Perpendicular B D and Axis AE cuts the Ecliptic are in the 8th 
Degree of Piſces on the Side next the Sun's North Pole A, 
and conſequently in the 8th Degree of Virgo on the other 
Side next the South Pole E. Scbenier had determined the 
Angle BCA to be 7 vo and Caffini made jt 8 by his 
Obſervations ; which is the Reaſon why 7* 30/ is choſen for 4 
Mean. 

31. As to the Magnitude of the Spots, it is very conſi- 
derable, as will appear if we obſerve that ſome of themare 
ſo large as to be plainly viſible to the naked Eye. Thus Ga- 
lilzo faw one in the Year 1612, and I know two Gentlemen 
who have thus view'd them within 20 Years paſt; Theſe 
Spots maſt therefore ſubtend at leaſt an Angle of 1 Minute. 
Now the Diameter of the Earth, if removed to the Sun, would 
ſubtend an Angle of but 20%; hence the Diameter of a 8 
juſt viſible to the naked Eye is to the Diameter of the Earth 
as 60 to 20, or as 3 to 1; and therefore the Surface of the 
Spot, if circular, to a Great Circle of the Earth as 9 to 1. 
But 4 Great Circles are equal to the Earth's Superficies ; 
whence the Surface of the Spot is to the Surface of the Earth 
as 9 to 4, or as 24 to 1. | 

32. Gaſſendus ſays he ſaw a Spot whoſe Diameter was 
equal to 30 of that of the Sun, 2nd therefore ſubtended an 
Angle at the Eye of 1/ zo“; its Surface was therefore above 
5 times larger than the Surface of the whole Earth, What 
thoſe Spots are, I believe no body can tell ; but they ſeem to 
be rather thin Surfaces than ſolid Bodies, becauſe they loſe 
the Appearance of Solidity in going off the Diſk of the Sun. 
They reſemble ſomething of the Nature of Scum or Scoria 


ſwimming on the Surface, which are generated and diſſolved . 


by Cauſes little known to us. 

33. But whatever the Solar Spots may be, tis certain they 
are produced from Cauſes very inconitant and irregular: 
For Scheiner in his Roſa Ur/ina, which contains near 2000 
Obſervations upon theſe Spots, ſays he frequently ſaw 530 at 
once, but for 20 Years after (ux, between the Years 1650 
and 1670) ſcarce any appear d. And in this Century 
Spots were frequent and numerous til! the Year 1741, when 
for three Years ſucceſſively very few appeared, I ſaw but one 
in all that Time; and now fince the Year 1744 they have 
again appeared as uſual, os and Py: 


Vor. II. * = 34. Thets 
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34. Theſe Maculz or dark Spots are not peculiar to the 
Sun; they have been obſerved alſo in the Planets. Thus Ye. 
nus was obſerved to have ſeveral by Signior Blanchini, the 
Pope's Domeſtic Prelate, in the Year 1726 ; by which he 
determined her Revolntion about her Axis to be perform'd in 
24 Days and 8 Hours; and that her Axis is inclined to the 
Plane of the Ecliptic in an Angle of 15 Degrees; and laſtly, 
that the North Pole of this Planet faces the zoth Degree of 
Aguarius. 

35. As in Venus, ſo in Mars, both dark and bright Spots 
hare been obſerved by Galileo firſt, and afterwards by Signior 
Cini, Dr. Heck, Miraldi, Mr. Roemer, and others. By 
theſe Spots the diurnal Revolution of Mars about its Axis 1s 
determined to be 24 Hours and 40 Minutes; and that the 
Axis is nearly perpendicular to the Plane of its Orbit. 

36. There ſcems to be good Reaſon to conclude Mars is 
encompaſſed with a large Atmoſphere; for Caſſini obſerved 
a Fix'd Star, at the Diſtance of 6 Minutes from the Diſk of 
Mars, became ſo famt before its Occultation, that it could 
not be ſeen with the naked Eye, nor with a Teleſcope of 3 
Feet; though Stars of that Magnitnde are plainly viſible even 
in Contact with the Moon, which for that Reaſon ſeems to 
have no Atmoiphere. 

37. TJujiter has had his Spots obſervable ever fince the In- 
vention and Uſe of large 'Teleicopes; and from repeated Ob- 
ſervations they ſhew Jupiter's Revolution about its Axis is in 
g Hours and 56 Minutes. Beſides theſe Spots, Jupiter has 
the Ap of three Zones or Belts encompaſſing his 
Body, ſometimes more, ſo that his Diſk ſeems clouded with 
them: What they are, no body yet can tell. The Axis of 
-—— a alſo is nearly perpendicular to the Plane of his 

it. ; | 

38. Conſidering the large Magnitude of Jupiter, and his ſhort 
diurnal Rotation, (he Equatorial Parts of his Surface muſt have 


a prodigious Velocity, which of conſequence muſt cauſe him to 


be of a ſpheroidical Figure (as was ſhewn of the Earth). Ac- 
cordingly Caſini found the Axis of the Equator to be to that 
of the Poles a 14 to 5 but Mr. Pound afterwards more 
exactly determin'd them to be as 12 to 13, agreeable to Sir 
Tags Newton's Computation. | | 
39. Saturn by reaſon of his great Diſtance on one hand, 
3 Mercury by reaſon of his Smallneiſs and Vicinity to the 
Sun on the other, have not as yet had any Spots diſcover'd 
on their Surfaces ; and conſequently nothing in relation t. 
their diurnal Motions, and 'Inclinations of their Axis to 
Planes of their Orbits, can be known. | | 
10" ©! 22 ; 1 30 G #1 Mu 
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Tauss: are all the heavenly Bodies yet known 
to circulate about the Sun, as the Center of their 
Motions ; and among the Planets, there are three 
which are found to have their ſecondary Planets, 


Satellites, or Moons, revolving conſtantly about 
them, as the Centers of their Motions, (CXXXV) 


VIZ, 


(CXXXV) 1. Of the fix Primary Planets, we find but 
three that are certainly attended with Moons, viz. the Earth, 
Jupiter, and Saturn; for though Mr. Short has given an Ac- 
count of a Phænomenon that he obſerved tome Years ago, 
which ſeems extremely like a Moon about Venut, yet as it 
was never obſerved before nor ſince through the beſt of Te- 
leſcopes, I can by no means think it was a real Moon : How- 
ever, that the Reader may uſe his own Judgment, I refer 
him to the Account given of it in the Philoſophical Tranſ+ 
actions 

2. The Diſtance of our Moon from the Earth is deter- 
mined by her horizontal Parallax, or the Angle which the 
Semidiameter of the Earth ſubtends at the Moon, wiz. the 
Angle AOC, which is the Difference berween the true Place 
of the Moon's Center O when in the Horizon, and the ap- 
parent Place thereof as view'd from the Surface of the Earth 
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Pl. LVI. 


Fig. 4. 


at A. The former is known by Aſtronomical Tables, the 


latter by Obſervation : And the Quantity of this Difference 
or Angle at a Mean is 57/ 1270 = AOC, 

3. If therefore we ſay, As the Tangent of 57/ 12/ is to 
Radius, ſo is AC=1 to CO= 60,t ; this will be the mean 


Diſtance of the Moon in Semidiameters of the Karth. There- 


fore fince one Semidiameter of the Earth contains 3982 
Miles, we have 3982 x 60,1 = 239318,2 = CO the mean 
Diſtance of the Moon. | 

4. The Moon's apparent Semidiameter MO meaſures (at 
her mean Diſtance) 15/ 38” = 938 by the Micrometer, 
which is the Quantity of the Angle MCO, The Earth's 
Diameter therefore is to the Moon's as 3432” to 938% that 


is, as 10g to 30, or as 3,63 to 1. Where fore 7 x 7964 
= 2192 Miles in the Moon's Diameter. 


5- Therefore the Face of the Earth, 2 it appear to. the 


Lunarians, is to the Face of the Moon as it appears to us, 
X 2 Tux 
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Tus EarTH, which has only one Moon revoly- 
ing about it, in 27 Days, 7 Hours, 43 Minutes, 
at the mean Diſlance of about 240000 Miles. 


as 109 x 109 to 30 x JO, wiz as 11881 to goo, or as 13,2 
to 1. And the real Bulk of the Earth is to that of the Moon 
as 109 x I09 x I09 to 30 x 30 x 30, wiz. as 1295029 to 
27000, that is, as 1295 to 27, or as 48 to 1 very nearly. 

6. Sir //aac Newv/on mentions the Atmoſphere about the 
Moon, but other Aſtronomers think there is Reaſon (not to 
ſay a Demonſtratior) for the contrary: For were there an 
Atmoſphere of Air like ours, it muſt neceſſarily obſcure the 
Fix d Stars in the Moon's Appulſe to them; but it has been 
obſerved that this never happens; on the contrary they pre- 
ſerve all their Splendor to the Moment of their Occultation, 
and then diſappear inſtantaneouſly, and in the ſame Manner 
they recover their Light when they appear again on the other 
Side. And this I am very certain of from the late remarka- 
ble Occultation of Jupiter, which I obſerved with a good re- 
flecting Teleſcope from the Begitning to the End with all the 
Attention poſſible, becauſe I was very deſirous to be ſatisfied 
about that Matter; and all the Phænomena conſpired to con- 
— — me, there was nothing like an Atmoſphere about the 

oon. 

7. That the Surface of the Moon is not ſmooth or even, 
but diverſified with Hills and Vale, Continents and Seas, 
Lakes, Cc. any one would imegine who views her Face 
through a large Teleſcope. "That ſhe has Variety of Hills 
and Mountains is demonitrable from the Line which bounds 
the light and dark Parts not being an even regular Curve, 
as it would be upon a ſmoath. ſpherical Surface, but an irre- 

r broken Line, full of Dents and Notches, as repreſented 
in che Figure: Alſo becauſe many ſmall (and ſome large) 
bright Spots appear in the dark Portion, ſtanding out at ſeve- 
ral ſmall Diſtances from the boundary Line; which Spots in 
2 few, Hours become larger, and at laſt unite with the en- 
lighten d Portion of the Diſk. © 
On the other hand we obſcrve many ſmall Spots inter- 
r bright Part, ſome of which have their 

Sides next the Sun, and their oppoſite Sides very bright 
and. circular, which infallivly proves them to be decp, hollow, 

round. Cavities ; of which thete ate two very remarkable 
ones near together on the upper Part, and may be view d 
exceeding plain when the Moon is about four or five Days 


old. 7 
| JuerTER 
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Joe1TER is obſerved with a Teleſcope to have 
four Satellites, which move about him in the 
Times and Diſtances following, viz. 


9. To meaſure the Height of a Lunar Mountain is a cu- 
riou Problem, and at the ſame time very eaſy to effect in the 


flowing Manner. Let C be the Moon's Center, EDB a pl. LVI. 
Riy of the Sun touching the Moon's Surſace in 1), and the Fig. 5. 


Top of a Mountain in B. Draw CB and CD; the Height 
of the Mountain AB is to be found. With a Micrometer in 
a Teleſcope find what Proportion the Diſtance of the Top of 
the Mountain B, from the Circle of Illumination at D, bears 
to the Diameter of the Moon, that is, the Proportion of the 
Line DB to DF; and becauſe DF is known in Miles, DB 
will be alſo known in that Meaſure, ; 
10. New admit that DB: DC:: 1 : 8, as in one of the 
Hals it will be; then DC* + DB = 64 +1 = 65 
CB; whence V 65 = 8,062 = BC; wherefore BC — 
AC = 8,062 — 8 = 0,062 = AB, the Height of the 
Mountain required. Wherefore AC: AB:: 8: 0,062 :: 
dodo: 62, And ſince the Moon's Semidiameter AC = 
1096 Miles, therefore 8000 : 62 :: 1096 : 8,5 nearly. This 
Mountain then being $3 Miles high, is near three times higher 
than the higheſt Mountain on the Earth, o 
11. Again, the Cavities are proportionably large and deep. 
J have obſerved Cavities in the Moon more than the 1 oodth 
Part of the Moon's Diameter in Breadth, which is about 
200 Miles upon the Moon's Surface; their Depths appear 
licewiſe proportional. The Lunar Cavities therefore prodi- 
giouſly exceed the Height of the Mountains; and conſe- 
quently the Surface of the Moon has but little Similitude to 
tie Surface of the Earth in theſe Refpefts. 
12. Since the Moon's Surface appears to be ſo very moun- 
t nous and irregular, it has been a Queſtion, how it comes 
t » paſs that the bright circular Limb of the Diſk does not ap- 
— jagged and irregular, as well as the Curve boanding the 
ight and dack Parts? In Anſwer to this, it muſt be 'd, 
that if the Surface of the Moon had but one Row of Moun- | 
tairs placed round the Limb of the Diſk, the faid bright 
Linib would then appear irregularly indented ; but fince the 
S.rface is all over mountainous, and ſince the viſible Limb is 
to be conſider d not as a ſingle curve Line, but à large Zone, 
hiving many Mountains lying one behind another from the 
Ovſerver's Eye, tis evident the Mountains in ſome Rows' be- 
X 3 THE 
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Tux Firſt in 1 Day 18 Hours 27 Minutes, 
at the Diſtance of 5-5. Semidiameters of Jupiter's 


ing oppoſite to the Vales in others, will fill up the Inequali- 
ties in the viſible Limb in the remoter Parts, which diminiſh 
to the Sight and blend with each other, ſo as to conſtitute 
(like the Waves of the Sea) one uniform and even Horizon. 
I WM: ty Whether there be Seas, Lakes, c. in the Moon, has 
Nr long debated, but now concluded in the Ne- 
gative in thoſe large darker Regions (which were 
— to be Seas) we view through a good Teleſcope ma- 
ny permanent brigit Spots, as alſo Caverns and empty Pits, 
wheſe Shadows fall within them, which can never be ſeen 
in Seas or any liquid Subſtance. Their dark and duſky Co- 
lour may proceed from a kind of Matter or Soil which reflects 
Light leſs than that of the other Regions. 

14. Theſe Spots in the Moon have continued always the 
ſame 2 ſince they were firſt view d with a Tele- 
ſcope; h leis Alterations than what happen in the Earth 
in —— on of the Year, by Verdure, Suow, Inundations, 
and the like, — have cauſed a Change in their Appear- 
ance. But indeed, as there are no Seas nor Rivers in the 
Moon, and no Awoſphere, ſo of courſe there can be no 
Clouds, Rain, Snow, or other Metcors, whence ſuch Changes 
might be expected. 

15. Since (as vr have ſhewn) the mean Diſtance of the 
Moon is about 60 Semidiameters of the Earth, at the Di- 
fance of the Moon one Degree of the Earth's Surface will 
ſaubrend, an Angle of one Minute, and will therefore be vi- 
ſible ; but ſuch a Degree is equal to 69: Miles, therefore a 
Spot or Place 70 Miles in Diameter in the Moon will be juſt 
viſible to the naked Eye 

16. Hence a 2 that magnifies about 100 times 


will juſt diſcover a Spot whoſe Diameter is 26 of 70 Miles, 


or g of a Mile, or 3698 Feet: And a Teleſcope that will 
magnuy 300g times will den an Object that is but 126 of a 
Mile, that ie, whole Diameter is but 370 Feet, or little 
more than 120 Yards; and therefore will cafily ſhew a ſmall 
Fm bo legs, or even a'Gentleman's Scat, if any ſuch 


PST The Time which the -Moon takes up in makirg one 


| Revolotion about che Kant, from a Fix'd Star to the ſame 
| 099097 97% 7h. 43% which is call'd the Periodical Month, 
Bat dhe. Time that pate between two Conjunctions, that is, 


from one N ng is equal to 29 d. 12 ;. 
14 9 1 Body 


| RY ie; and 
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Body from his Center, as meaſured with a Micro- 


meter. 


4437, which is call'd a Synodical Month : For after one Re- 


volution is finiſh'd, the Moon has a ſmall Arch to deſcribe to 


get between the San and the Earth, becauſe the Sun keeps 
advancing forwards in the Ecliptic. Now this Surplus of 
Motion takes up 2d. 5 h. 1/ 3, which added to the Perio- 
dical Month makes the Synodical, according to the mean 
Motions. 8 

18. The Moon moves about its own Axis in the ſame 
Time that it moves about the Earth, from whence it comes 
to paſs that ſhe always ſhews the ſame Face to us: For by this 
Motion about her Axis juſt ſo much of her Surface is turn'd 
towards us conſtantly, as by her Motion about the Earth 
would be turn'd from us. | 

19. But fince this Motion about the Axis is equable-and 
uniform, and that about the Earth (or common Center of 
Gravity) is unequal and irregular, as being perform'd in an 
Ellipũs, it muſt follow, that the ſame Part of the Moon's 
Surface preciſely can never be ſhewn conſtantly to the Earth; 
and this is confirm'd by the Teleſcope, through which we 
often obſerve a little Gore or Segment on the Eaftern and 
Weſtern Limb appear and diſappear by turns, as if her Body 
librated to and fro ; which therefore occaſton'd this Phzno- 
menon to be call'd the Moon's Libration. 

20. The Orbit of the Moon is elliptical, more ſo than 
any of the Planets, and is perpetually changing or variable, 
both in reſpect of its Figure and Situation; of which we ſhall 
treat more largely in another Place. The Inclination of the 
Moon's Orbit to the Plane of the Ecliptic is alſo variable, 
from 5 Degrees to 5 18“. The Line of Nodes likewiſe has 
a variable Motion from Eaſt to Weft, contrary to the Order 
of the Signs, and compleats an entire Revolution in a _—_ 
of Time a little leſs than 19 Years. Alſo the Line of the 
Apfides, or of the Apogee and Perigee, has a direct Motion 
from Weſt to Eaſt, and finiſhes a Revolation in the Space of 
about 9 Years. All which will be more copioully treated of 
when we come to explain the Phyſical Cauſes thereof. 

21. The Phaſes of the Moon in every Part of the Orbit 
are eaſily accounted for from her different Situation with re- 
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ſpeR to the Earth and 8un: For though to an Eye placed in pl. LVI. 


the Sun ſhe will always exhibit a compleat illuminated Hemi- 
ſphere, yet in to che Earth, where that Hemiſphere 
is view 'd in all Degrees of Obliquity, it Will appear in every 

ö Tur 
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PI. LVI. 
Fig. 7. 
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Tur Second in 3 Days, 13 Hours, 13 Minutes, 
at the Diſtance of 9 Semidiameters. 
THz Third in 7 Days, 3 Hours, 42 Minutes 


Degree from the greateſt to the leaſt ; ſo that at E no Part at 
all of the enlighten d Surface can be ſeen. At F a little Part 
of it is turn d towards the Earth, and from its Figure it is 
then ſaid to be "horned. At G one Half of the enlighten'd 
Surſace is turned to the Earth, and ſhe is then ſaid to be 4- 
chotanuſed, and in her firſt Quarter or Puadrature. AtH a 
Part more than half is turned to the Earth, and then ſhe is 
ſaid to be gib. At A her whole illumined Hemiſphere is 
ſeen, being then in Oppoſition to the Sun; and this is call'd 
the Full Alan. At B the is again gib hen, but on the other 
Part ;. at C the is again Achotamiſed, and in her laſt Quarter; 
at D ſhe is borned, as before; and then becomes new again 
at E, where ſhe is in Conjunion with the Sun. 

22. If MN be drawn perpendicular to the Line S L join- 
ing the Centers of the Sun and Moon, and OP perpendicu- 
lar ta the Line TL joining the Centers of the Earth and 
Moon, tis evident the Angle OLM in the firſt Half of the 
Orbit, and PLN in the ſecond, will be proportional to the 

oantity of the illuminated Diſk turn d towards the Earth; 
and this Angle is every where equal to the Angle ET L, 
which is call d the Elongation of the Moon from the Sun. 

23. To find what Quantity of the Moon's viſible Surface 
is Huftrateg for any given Tine; we are to conſider that the 
Circle of Illumination BFC is oblique to the View every 
where (but at G and A), and therefore by the Laws of the 
Orthographic ProjeQtion (which ſee in my Elements of all Ge- 
omerryj it will be projected" into an Ellipſe whoſe longeſt Axis 
is the Diameter of the Moon BC, id the e is 
FL = Cole: of the Angle of Elongation FBP. Hence 
FP = Vetſed Side of the ſaid Angle. But from the Na- 
ture of the Circle and Ellipſe we have LP in a conſtant Ra- 


$i12-t0-E P73 wherever the Line PO is drawn perpendicular to 
B there fore aë 2 LP = PO has a, conſtant Ratio to FP. 


Bur (by Eu Ve 12.)'the Sum , all the Lines OP = Area 

7 be rel in to t Sn of all ih Lines FP = Area of the 

Huminated Party ar ube Dlamcrir of (he Circl OP te the Veſed 
Sine of the Elongation FP. Oo 

24.-4 the 'Moon'i/itninates the Earth by a reflex Light, 

ſo does the Harth the Moon; but the other Phanomena will 

be difterent fur the "molt part. "1 ſhall recount them for the 
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ASTRONOMY. 
at the Diſtance of 14% Semidiameters. _ _ 
The Fourth in 16 Days, 16 Hours, 32 Mr 
nutes, at the Diſtance of 25 3, Semidiameters 
(CXXXVT). 


Reader's Curioſity as follows. (I.) The Earth will appear 
but to little more than one Half of the Lunar Inhabitants; 
(2.) To thoſe to whom the Earth is viſible, it appears fix'd, 
or at leaſt to have no circular Motion, but only that which 
reſalts from the Moon's Libration. (3.) Thoſe who live in 
the Middle of the Moon's viſible Hemiſphere ſee the Earth 
directly over their Heads. (4) To thoſe who live. in the 
Extremity of that Hemiſphere the Earth ſeems always nearly 


in the Horizon, but not WEL there, by reaſon of the Libra- 


tion. (F.] The Earth in the Courſe of a Month would have 
all the Ae Phaſes as the Moon has. Thus the Lunarians 
when the Moon is at E, in the Middle of their Night, ſee 


the Earth at Full, or ſhining with a full Face; at G it is &- 


chatomiſcd, or half light and half dark; at A it is wholly 
dark, or New ; and at the Parts between theſe it is gibbous, 
(6) The Earth appears variegated with Spots of different 
Magnitudes and Colours, ariſing from the Continents, Iflands, 
Oceans, Seas, Clouds, Sc. (7.) Theſe. Spots will appear 
conſtantly revolving about the Earth's Axis, by which the 
Lunarians will determine the Earth's diurnal Rotation, in the 
ſame manner as we do that of the Sun. | 1 


(CXXXVT) 1. Gat1Lzo firſt diſcover'd the Satellite or 
Moons of Jupiter, in the Year 16103; and call d them Medi. 
cea Sidera, or Medicean Stars, in honour of the Family of tho 


Medici, his Patrons. The famous Piece call'd Siderews Nun 


diu, in which he particularly deſcribes the Diſcovery of theſe 
Stars, he dedicated to Cosmus Mrbicss IL, the fourth 
Great Duke of Hetruria. 1 


, 


329 


2. The Orbits of Jupiter's Moons. lie nearly in the Plane Pl. LVI, 
of the Ecliptic, which is the Reaſon, why their Motion 5 7 Fig. 8. 


parently in a right Line, and not circular, as it really is. 


underſtand this, let 8 be the Sun, I the Earth in its Orbit 
TH, I the Planet Jupiter in his Orbit AI B, and in the Cen- 
ter of the four Orbits of his Moons. Then, beeauſe the 
Plane of thoſe Orbits does y. paſs through the Eye, the 


8 \1 
148 


-” 
- 


real Motion of the Satellite in N will be apparent. 


85 the Diameter of the Orbit, Whi 
e Line Joining the Center of the Earth and Jupiter. 


SATURN 


is at Right Anglesto' © 
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ASTRONOM v. 
SATURN has five Moons; and beſides them a 


ſtapendous R1xG. ſurrounding his Body, whoſe 


Width and Diſtance from Saturn's Body are equal. 
and computed at upwards of 20000 Miles. The 
Periodical Times and Diſtances of the Saturnian 
Moons, ' in Semidiameters of the Ring, are as 
follow. 


3- Thus ſuppoſing the Earth at R, if DC be drawn through 
the Center of Jupiter perpendicular to RI, the Motion of 
each Moon and their Places will appear to be in that Line. 
Thus if the exterior Moon be at E or F, it will appear to be 
at I, either npon or behind the Center of Jupiter; if the 
Moon move from E to K, it will appear to have moved from 
Ito L; and when it moves from K to C, it will appear to 
move from L'to C. Again, while the Satellite moves from 
C'to M, it will appear to move from C to L; and as it goes 
from thence to F, it apparently moves from L to I. Thus 
alſo on the other Side the Orbit, while the Satellite deſcribes 
the Quadrant FD, its apparent Motion will be from I to D; 
and then from D to I again, as it comes from D to E. 

4. Whence, ſince this is the Caſe of each Satellite, it ap- 
pears that while each Satellite deſcribes the remote Half of its 
Orbit CFD, its apparent Motion will be direct, or from 
Welt to Eaft along the Line CD ; and while it deſcribes the 
other Half DEC, its apparent Motion is retrograde, or from 
Faſt to Weſt back again along the fame Line from D to C. 
So that each Satellite traverſes the Diameter of its Oi bit twice 
in each Revolution 

* The Moons of Jupiter ſeverally ſhew the ſame Phaſes 
to hin as ours does to us. They diſappear from our Sight 
ſometimes, ſo that tis very rare to have all the four in View 


at once; nor is it poſſible to know which Satellite in Order 


von ſee, but from the Knowledge of the Theory and Calcu- 
Jation, becauſe the remoteſt Satellite may appear neareſt © 
wpiter, und the contrary, 25 's evident from a View of the 


6,” Theſe" Moons, like pur own, ſuffer an Eclipſe every 
ume they come to the Shadow of Jupeter, as at F. Al, 

ppoling the Earth at T., the Satellite at G will undergo an 

ckültation behind the Body of Jupiter, as is evident from 
the Scheme Again, a Satelfite will ſometimes loſe its Luſtre 
zer e enlighten'd Dif: of its Primary ; 72 
| HE 
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Tas Firſt, or inmoſt, revolves about Saturn 
in 1 Day, 21 Hours, 18 Minutes, at the Diſtance 
of near 2 Semidiameters of the Ring. 

Tus Second in 2 Days, 17 Hours, 41 Minutes, 
at the Diſtance of 2 2 Semidiameters. 

Taz Third in 4 Days, 12 Hours, 25 Minutes, 


it is at E and N, and the Earth in R and T. Laſtly, one 
Satellite at O may diſappear behind another at X, or cauſe 
another to diſappear behind it at M, 

7. The Obſervations by Teleſcopes: have been carried ſo 


far as to make it very probable that all the Satellites do really 


revolve about their own Axis, by means of Spots which they 


have diſcover'd to belong to them, and which by their Motion 


cauſe a great Variety in the Brightneſs of the Satellites, and 
ſometinies do almoſt obſcure them : For which ſee Mr. Pound's 
Obſervations on Jones's Abridgement of the Philo/of hical Tranſ- 
actm, Vol. IV. p. 307. | | 

8. By means of Jupiter's Satellites ſeveral noble Problems 
in Natural Philoſophy have an eaſy and elegant Solution; the 
Firſt of which is, to determine the Ratio of the Velocity of Light. 
The Manner how this is done I bave elſewhere ſneum : See 
Annet, CXII. The Second is, to determine the Longitude of a 
Place from any proprſed Meridian ; which is eaſily done by the 
following Method. Let the Moment of Time in which the 
Satellite enters the Shadow of Jupiter be calculated for the 
given Meridian from Tables of its Motion; then let the Mo- 
ment of Time be well obſerved when this Immerſion happens 
at the propoſed Place ; the Difference of theſe two Moments 
turn d into Motion will give the Longitude of the Place, al- 
lowing 15 Degrees for every Hour, 1 Degree for every 4 
Minutes of Time, or 15 Minutes of a Degree for every Mi- 
nute of Time. | 1-44 & 

9. The Third Problem is, 1 of Jupiter 
from the Sun, This is done as follows: Let the middle Mo- 
ment of the Occultation of a Satellite as at G be. obſerved; 
and again the middle Moment of the following at F this 
will give the Time in which the Arch G F is deſcribed: Then 
ſay, As the Time of the whole Revolution is ta the Tim 
now found, ſo is the whole Circle or 360 De to 
Degrees and Minutes contained in the Arch FG; which is 


therefore the Meafure of the Angle FIG, or its equal T I8, 
phick þ the Paralufic Angle xt Fapiter 4 which — 
, at 
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Plane or Ring, no whete ng to his Body, and inclined i 
3 Tie facknation of the Ring to th 


ASTRONOM x. 
at the Diſtance of 4 3 Semidiameters. 
Tur Fourth in 15 Days, 22 Hours, 41 Mi 
nutes, at the Diſtance of 8 Semidiameters. 
The Fifth in 70 Degrees, 22 Hours, 4 Mi. 
nutes, at the Diſtance of 23.3, Semidiameten 
(CXXXVII). 


the Diſtance of Jupiter from the Sun IS is known, by what 
has been ſhewn in anat. CXXXIV. 


(CXXXVII) 1. Though Galilee's Teleſcope was ſufficien 
to diſcover all Jupiter's Moons, it would not reach Saturr's, 
they being at two great a Diſtance. But yet this ſagacious 


- Obſerver found Saturn, by reaſon of his Ring, had a very 


odd Appearance; for his Glaſs was not good enough to er- 
hibit the true Shape of the Ring, but only a confuſed [dea of 
that and Sturm together, which in the Year 1610 he adver- 
tiſed in the Letters of this Sentence tranſpoſed : Aluiſſinun 
Planetam tergeminum obſervawvi ; i. e. I have obſerved Satun 
to haue three Bodies. ' | 

2. This odd Phænomenon perplex'd the Aſtronomers ven 
much, and various Hy potheſes were form'd to reſolve it; all 
which ſeem' d trifling to the happy Hugenius, who zpplied 
himſelf purpoſely to improve the Grinding of Glaſſes, and 
perfecting long Teleſcopes, to arrive at a more accurate No. 
tion of this Planet and its Appendage. Accordingly in the 
Year 1655 he conſtructed a Teleſcope of 12 Feet, and view- 
ing Catars divers times he diſcover'd ſomething like a Ring 
encompaſſing his Body; which afterwards with a Tube of 2; 
Feet he ob more diſtinctly, and alſo diſcover d a 83. 
tellite revolving about that Planet. This Hugenian Satellite 
is the fourth in Order from Saturn. 

3. In the Year 1671 Coff#ni diſcover d the third and fiſth, 

in the Year 1686 he hit upon the firſt and ſecond, with 

Tubes of 100 and 136 Feet; but could afterwards fee 2l| 
five with'a Tube of 34 Feet. He call'd theſe Satellites Sic. 
ra Lodbicea, in honour of Lowis le Grand, in whoſe Reign and 
Obſervatory they were firſt diſcover d. 

I. Ia che Year 1656 Hagen, publiſh'd his Diſcoyery in re- 
lation to Satwn's Ring in the Letters of this Sentence tran(- 
poſed, wit. Aan cingitur tenui, plans, nuſquam coharente, ai 
Eclipticam inclinata ; that is, Saturn is encompaſi'd by a this 


]T HESE 


ASTRONOM Y. 


Tas: are the conſtituent Parts of the Solar 


Stem, which is now received and approved as 
the only true Syſtem of the World, for the follow- 
ing Reaſons (CXX XVII). 


Ecliptic is determined to be about 31 Degrees by 3 
Roemer, Picard, Campari, &c. though by a Method not very 
definitive. 

5. However, fince the Plane of the Ring is inclined to the 
Plane of the Earth's Motion, it is evident when Saturs is ſo 
fruated that the Plane of his Ring paſſes through the Earth, 
we can then ſee nothing of it ; nor yet can we ſee it when 
the Plane paſſes between the Sun and the Earth, the dark 
Side being then turn'd to us, and only a dark Liſt appears 
upon the Planet, which is probably the Shadow of the Ring. 
In other Situations the Ring will appear elliptical more or 
leſs; when it is moſt ſo, the Heavens appear through the el- 


liptic Space on each Side Saturn (which are call'd the 4n/#) ; 


yea, a Fix'd Star was once obſerved by Dr. Clarke's N 
in one of them 

6. The Nodes of the Ring are in 197 45/ of Firge and 
Piſces. During Saturn's Heliocentric Motion from 19% 45/ 
to the oppoſite Node, the Sun enlighters the Northern Plane 
of the Ring, and viciſim. 

7. Since Saturn deſeribes about one Degree in a Month, 
the Ring will be viſible through a good Teleſcope ell within 
about 15 or 20 Days before and after the Planet is in 19% 4.5' 
of Vie or Piſces. The Time taerefore may be found by. an 
Ephemeris, in which Saturn ſeen from the Earth ſhall be in 
thoſe Points of the Ecliptic; and likewiſe. when he will be 
ſeen from the Earth in 19% 45/ of Gemini and  Sagittarizs, 
. the Ring will be moſt open, 41 in the beit Poſition to 

view d. 

8. There have been ſome Grounds to 2 chat Sa- 
uuns Ring turns round an Axis, but that is not yet demon- 
frable. I his wonderful: Ring in ſome Situations does alſo 
appear double; for Caſſini in the Year 1675 obſeryed it to 
be biſected quite round by a dark elliptical Line, — 5 
as it were into two Rings, of Which the inner one 
brighter than the outer. This was oſtentimes obſetved 
wards with Tubes of 34 and 20 Feet, and more ind 
in he Twilight or Moon Light than in a darker Sky;, See 
Pbil. Tranſ. abridged, Vol. 11 P- 221, 224. 
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CXXXVIIn 1. The ſagacious Kepler, was the bell wh 


diſcover d this great Law of Nature in all ws Primary Fr 
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I. Ir is moſt ſimple, and agreeable to the Te. 
nor of Nature in all her Actions; for by the two 
Motions of the Earth all the Phenomena of the 
Heavens are reſolved, which by other Fypotheſe: 
are inexplicable without a great Number of other 
Motions, contrary to philoſophical Reaſoning by 
Rule I. 

II. IT is more rational to ſuppoſe the Earth 
moves about the Sun, than that the huge Bodies 
of the Planets, the ſtupendous Body of the Sun, 
and the immenſe Firmament of Stars, ſhould all 
move round the inconſiderable Body of the Earth 
every twenty-four Hours. 

III. Tus Earth moving round the Sun is agree- 
able to that general Harmony, and univerſal Law, 


nets, and aſterwards the Aſtronomers obſerved that the Se- 
condaries did likewiſe regulate their Motions by the ſame 
Law. I have already exhibited the Mathematica! Theory 
thereof in Aznet. XXXIV. 11, and given an Example in the 
Earth and Yenus. And that the ſame Law holds in the Syſtem 
of 7upiter's and Saturn's Moons, will appear from the fol- 
ing Inſtances. 
2. The firſt of Jupiter's Moons is at the Diſtance of 2; of 
iter s Diameters from his Center, and revolves in 42 
- The outermoſt deſcribes its Orbit in 402 Hours; 
therefore ſay, As 1764 (the Square of 42) is to 161604, (the 


Square of 402) ſo is 17 5 (the Cube of 23) to nearly 


450000 


. the Cube of 72 or 122, the Diſtance of the fourth 
3- analytically 
rithm of the Period of the firſt 


Let L = Logs- 
ellite, L Logarithm of 


any other Satellite s Period, and D and 4 the Logarithms of 
their Diſtances; then will it be 2 L: 21: 3D: 34, and 
therefore 2 L + 34d= 2z/+ 3D; whence we have 4 
D+3/—3L. For Example; in the firſt and ſecond Sa- 

14 which 
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which all other moving Bodies of the Syſtem ob- 
ſerve, viz. That the Squares of the periodical Times 
are as the Cubes of the Diſtances: But if the Sun 
move about the Earth, that Law is deſtroy d, 
and the general Order and Symmetry of Nature 
interrupted ; ſince according to that Law the Sun 
would be ſo far from revolving about the Earth 
in 365 Days, that it would require no leſs than 
5196 Years to accompliſh one Revolution. 

IV. Acain : Did the Sun obſerve the univer- 
ſal Law, and yet revolve in 365 Days, his Di- 
ſtance ought not to be above 310 Semidiameters 


of the Earth; whereas it is eaſy to prove it is 


really above 20000 Semidiameters diſtant from 
us, 


tellites of Jupiter, Caſſini obſerved the Diſtance of the firſt 
in Semidiameters of Jupiter to be 54, whoſe Logarithm is 
0,753353- The Periods of thoſe Satellites give 31 = 
2,32459, and 3 L=2,122851; from whence we get d= 
0,95509, the Number correſponding to which is 9,07, the 
Diſtance of the ſecond Satellite, agreeing wonderfully with 
Obſervation. 

4. Now fince the Moon turns round the Earth, if the Sun 
did likewiſe perform his Circuit about it, their Motions would 
undoubtedly be regulated by the ſame Law with all the reſt. 
But the Period of the Moon is 27 Days, that of the Sun 
365 ; the Diſtance of the Moon 60 Semidiameters of the 
Earth; therefore ſay, As 729 (the Square of 27) is to 133225 
(the Square of 365 :) ſo is 216000 (the Cube of 60) to 
39460356, the Cube Root whereof is 340, which ought 40 
expreſs the Sun's Diſtance in Semidiameters of the Earth. 
But we have ſhewn the Sun is really diſtant from the Earth 
near 20000, (ſee Annot. CXXXIV. 18.) 

5. Admitting the Sun to be at the Diſtance of 20000 Se- 
midiameters, his Periodical Time would then be more than 


450 Years, if its Motion were govern'd by Kepler"'s Law; 


and compared with that of the Moon; for as 216000 (60 
s to 8000000000000 (=-20000?) ſo is 729 ant a 
X » LHE 
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v. The Sun is the Fountain of Light and Heat, 
which it irradiates through all the Syſtem; and 
therefore it ought to be placed in the Center, 
that ſo all the Planets may at all times have it in 


an uniform and equable Manner: For, 


VI. Ir the Earth be in the Center, and the Sun 
and Planets revolve about it, the Planets would 
then, like the Comets, be ſcorched with Heat 
when neareſt the Sun, and frozen with Cold in 
their Apbelia, or greateſt Diſtance ; which is not 
to be ſuppoſed. _ 

VII. Ir the Sun be placed in the Center of the 
Syſtem, we have then the rational Hypotheſis of 
the Planets being all moved about the Sun by the 
univerſal Law or Power of Gravity ariſing from 


Number, the ſquare Root of which is 164320 Days = 450 
Years nearly, which is the Periodical Time of the Sun's Re- 
volution at that Diſtance, and moving according to the Uni. 


_ verſal Law. 


6. This beautiful and harmonious Syſtem, or Frame of 
the World, ſufficiently recommends itſelf from the Principles 
of right Reaſon only ; ſuppoſing there were no ſach Thing 
as abſolute Demonſtration attainable in the Caſe. It is there- 
fore very ſurprizing, to obſerve, how few among thoſe who 
are not Mathematically learn'd, can be induced to believe, 
in this Doctrine of the Earth's Motion, and 
Stability of the Sun. Copernicus, above 200 Years ago, men- 
tions the zealous Father La#aniizs, as ridiculing thoſe who 
aſſerted the Spherical Fi of the Earth. Therefore, ſays 
he, it is not to be d at if ſuch Sort of People ſhould 
ridicule Us. And whatever the Popes may have ſince de- 
creed, tis certain, this Doctrine was ſo far from being then 
reputed heretical and damnable, that this Man dedi- 
cated his Book to Pope Pas III. becauſe by his Holineſs, 
Authority, and Learning, be might be ſecured againſt the 
Calumnies of ignorant Gainſayers; yea, and appealed to his 


4 


Holineſs at the ſame Time for the Uſefulneſs of his Doctrine 
even to the Eccleſiaſtical Republick. His Words are, Mabe 
5 | his 
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A8TRONOM Y., 337 | 
His vaſt Body; and every thing will anſwer to the 
Laws of circular Motion, and central Forces: But | 
_ otherwiſe we are wholly in the dark, and know no- | 
thing of the Laws and Operations of Nature. 
VIII. Bur happily we are able to give not on- { 
ly Reaſon, but demonſtrative Proofs; that the Sun | 
does poſſeſs the Center of the Syſtem, and that ö 
the Planets move about it at the Diſtance and in | 
the Order above aſſign'd: The fr of which is; | 
That Mercury and Venus are ever obſerved to have 
two Conjunfions with the Sun, but no Oppoſition ; 
which could not happen, unleſs the Orbits of thoſe 
Planets lay within the Orbit of the Earth 
(C XXXIX). : 


matt Mathematitis feribiintur, quibus & bi noftri Labores, fi 
me non fallit opinio, vidibuntur etiam Reipublice Ecclefiaſiicas 
eonducere aliquid, cujus Principatum tua Santtitas nunc tenet. 


(CXXXIX) t. What relates to the Conjunctions and Op- j 
poſitions of the Planets will be eafily underſtood by a Dia- it. \ 
gram. Let $ be the Sun, T the Earth, V Venus, and M Mer Pl. LVII. 
cury, in their ſeveral Orbits. Now 'tis evident that when 
Venus and Mercury are at V and M, they will be ſeen from 
the Earth T in the ſame Part of the Heavens with the Sun; 
vis. at W, becauſe they are all poſited in one Right Line 
TW; and this is call'd the Loxver or Inferior Cunjunction. 

2. Again: When Venus and Mercury come to the Situations 
D and O, they ate again in the ſame Right Line joining the 
Centers of the Earth and Sun, and are therefore again ſeen 
in the ſame Part of the Heavens with him; and this is call'd 
the Upper or Stperio# Cunjunction. Here "tis evident, thoſe p 
two Planets muſt appear twice in Conjunction with the Suri \ 
in each Revolution, to a Spectator on the Earth at T, which 1 
we at preſent will ſuppoſe to be at Reſt. | 
3. Hence we have an infallible Proof that the Orbits of q 
Venus and Mertury lie both within the Orbit of the Earth. | | 
Alſo the Orbits of Mars, Jupiter, and Saturn muſt lie without | 
the Orbit of the Earth; for otherwiſe they could not exhi4 © | 
bit the Appearance they do of alternate Conjunctioms and 9 
= You, 1h, Y IX; Taz | 

| 
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IX. Tus ſecond is, That Mars, Jupiter, and 
Saturn, have each their Conjunctions and Oppofi- 
tions to the Sun, alternate and ſucceſſively; 
which could not be, unleſs their Orbits were ex- 
terior to the Orbit of the Earth. 

X. Ix the third Place, The greateſt Elongation 
or Diſtance of Mercury from the Sun is but about 
20 Degrees, and that of Venus but about 47; 
which anſwers exactly to their Diſtances in the 


Oppoſitions. Thus let Mars be in his Orbit at V, tis evi- 
dent when the Earth is at T, that Planet will be ſeen in Con- 
jun&tion with the Sun, and will be then at its greateſt Pi- 
ſtance from the Earth, 

4- But when the Earth is at ? between the Sun and Mars, 
"tis 8 they muſt appear in oppoſite Parts of the Heavens, 
becauſe a Perſon at ? viewing the Sun at 8 muſt look directly 
to the contrary Part to view the Planet at Y ; and in this Op- 
poſition to the Sun Mars is neareſt to the Earth: All which 
1s ſo evident from the Scheme, and ſo exactly agreeable to 
the Phænomena of thoſe Planets in the Heavens, that any 
Perſon muſt be ſtrangely obſtinate, and incapable of any Sort 
of Conviction, who cannot ſee the — of Nature, 


Sun, ac hp Line ST, into a hundred or a thou- 
Parts, and the Orbits of Ven and Mer- 
Diſtance of $SV = 724, and SM = 388, and 
diaw TA, TR, to touch thoſe Orbits in the Points A 
R; then tis plain the Angles ATS and RTS will mea- 
RN at which either of thoſe Planets can 
een the Sun; becauſe the viſual Ray paſſing to the 


the 
TSW 1 Mfqpet cope. aps Gen 


Now 'tis found by r 
ly in the Diagram, that the Angle AT 
'RTS = 20, very nearly ; and this 
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Syſtem above aſſign'd : But in the Ptolomean Sy- 
ſtem, they might and would ſometimes be ſeen 
180 Degrees from the Sun, via. in Oppoſition 
to him. 

XI. FovrTaLy, In this Diſpoſition of the 
Planets they will all of them be ſometimes much 
nearer to the Earth than at others; the Conſe- 
quence of which is, that their Brightneſs and 
Splendor, and alſo their apparent Diameters, will 


Earth were at Reſt, and in the Center of the Planetary Or- 
bits, thoſe Planets would be ſeen in all Poſitions and Di- 
ſtances from the Sun, in every reſpe& like the Moon ; and 
therefore tis perfectly ſurprizing, how any Man can reſiſt 
ſuch glaring Evidence of Lruth on one hand, and Falſhood 
on the other. 

7. We have already ſhewn, that the apparent Magnitude 
and Brightneſs of an Object decreaſes as the Square Diſtance 
increaſes; therefore the Magnitude of Venus ſeen at V is to 
- the Proportion of TB to 
FV. chat is, as 1724* to 2765, or as to 1 nearly. And 
when Fam i is meaſured in both thoſe Diſtances with a Mi- 
crometer in a Teleſcope, the Numbers ſhew the perfect A- 


greement of this Syſtem with Nature itſelf, 

8. Thus alſo the apparent Magnitud? of Mars when h his 
Diſtance is f V, is to that when n his Diſtance is T V, as TY* 
to Va; that is, as 2523* to 523*, or very nearly as to 1. 
Tanzer b 8 5 by meaſuring the Planes 
in both thoſe Diſtinces. It is mA obvious to common 
Senſe ; for Mars in his neareſt Diſtance appears (0 large that 
he has been often miſtaken for 1 whereas in his great- 
eſt Diſtance he appears ſo ſmall err © be diflinguih'd 
from a Fix'd Star, 

9. From what has been ſaid of the Phaſes of the Moon, 
tis eaſy to underſtand that Venus and Mercury muſt have near- 
ly the like Appearances. Thus when Venus is at V, all her 
illumined Hemiſphere will be turn'd directly from the Earth, 
and ſhe will then be New. As ſhe paſſes from V to A the: 
will appear borned. At A ſhe will ſhew juſt half her enlight- 

en'd Surface to the Earth, and appear bijefed, or dicheto- 
15 From A te D ſhe will appear more and more gibboas 1. 
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be proportionally greater at one Time than ano. 
ther : And this we obſerve to be true every Day. 
Thus the apparent Diameter of Venus, when 
greateſt, is near 66 Minutes, but when leaſt not 
more than 9 Minutes and a half; of Mars, when 
greateſt, it is 21 Minutes, but when leaſt no more 
than 2 Minutes and a half; whereas by the Pro- 
lomean Hypotheſis they ought always to be equal. 

XII. The tb is, That when the Planets are 


and at D would appear a N enlighten'd Hemiſphere, were 
it not that ſhe is then loſt in the 's Blaze, or hid behind 
his Body: All which Phaſes return again in the other Half 
of the Orbit. The ſame Thing is obvious in Mercury, and 
Mars ſhews part of thoſe Phaſes ; but Jupiter and Saturn ap- 


pore eye with a Full Face, by reaſon of their very great 


10. r 
Days er, in ſome certain Vears, 
Dr. H on reſolving the following Þ „ Vin. 12 
the Situation of Venus in reſþe# 0 the Earth, when the Area 
of the illuminated Part of her Di is a Maximum. I ſhall here 
3 the Solution as he has propoſed it in the Ph:/oſophical 
ranſaZions, N' 349; and alſo the Demonſtration, which 
the Doctor omitted. 
11. In order to this, let S be the Sun, V the Planet Venn: 
in the Situation required, T the Earth, and T V her Diſtance 
ſought. Put TS= 2, SV = 6, TV = x, and on the 
Point V with the Radius VT deſcribe the Quadrant TA; 
from T let fall the Perpendicular TB, @nd put BV =4; 
then ABA — = e, the Verſed Sine of the Angle T VA. 
Now (by Euclid II. 12.) we have a* = b* + x* + 26d, 
whence a* — 2bd = b* + x* ; and by adding 26 * on each 
Side, a* + 2bx— 2bd =b* + 2bx + x*; that is, a + 
2bo=b +2bx Nr =". Then — a* = 2bv=5; 

by 2x we have 4b = 2x5, whence 46x: 
— v that is, 4bx * + zbx+xx—a* :2TV: 

AB: the Diameter of a to the Verſed Sine of the 
- 12. But in any Situation B of the Planet Jus the Arch 
of Illumination af is equal to the Arch 5d, which meaſures 
— aye dry, And it has been ſhewn, —_ 
20 view 
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view'd with a good Teleſcope they appear with 
different Phaſes, or with different Parts of their 
Bodies enlighten'd. Thus Venus is ſometimes 
new, then horned, after that dichotomized, then 
gibbous, afterwards full; and ſo increaſes and de- 
creaſes her Light, in the ſame manner as the 
Moon, and as the Copernican Syſtem requires. 
XIII. Tur fxth is, That the Planets, all of 
them, do ſometimes appear direct in Motion, 


8 Diſt of the Planet is to the Area of the en- 
lighten'd Part as the Diameter of a Circle to the Verſed Sine 0 
the Arch of IUumination, and therefore as 46x to b* 4 


x* — a* 


* Bat the Area of the whole Diſk is every where as 
—; therefore, as 4bx : b* + 2bx + x* 4 ji; 


; +264 +8 = which in all Caſes will. be propor- 
tional to the enlighten'd Area of the Diſk. And to — 
mine this a Maximum its Fluxion muſt be o, or the 

tive Parts thereof be equal to the affirmative, that is, 


2bx + 2xx x 4bx* =126bx* 2 
and dividing all by 4 x, the Equation becomes he + 
2x* = 36* + 6bx + 3xx — 3a*. Conſequently 355 
455 Þ xx = zaa; whence we get x = V3aaþbb— 
2b = 427. 

14. If therefore we take 427 from the Scale of equal 
Parts ST, and fet from T to the Orbit of Venus, it will in- 
terſect it in the Point x ; and drawing T x, it will give the 
Angle x TS = 40 Degrees nearly; which ſhews that when 
Venus is 40 Degrees diſtant from the Sun, before and after 
her Inferior Conmjun#ion with him, the then ſhines with the 
greateſt Luſtre poſſible. 

15. In this Poſition we ſee not much more than 4 of her 
Diſk enlighten'd, and yet ſhe ſhines with fo great a as 
to ſi the united Light of all the Fix'd Stars that appear 
with her, and caſts a very ſtrang Shade on the horizontal 
Plane, and may be ſeen in th fill un- line of the Day; 3 
Phzaomenan very extraordinary, and which returns but oncg 
in eight Years, 
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ſometimes retrograde, and at other times fationa- 
ry. Thus Venus, as ſhe paſſes from her greateſt 
Elongation Weſtward to her greateſt Elongation 
Eaſtward, will appear direct in Motion, but retro- 
grad: as ſhe paſſes from the latter to the former ; 
and when ſhe is in thoſe Points of greateſt Di- 


ſtance from the Sun, ſhe ſeems for ſome time ſta- 
tionary: All which is neceſſary upon the Coperni- 


16. The different Directions in which the Planets appear 
to move in the Heavens is an irrefragable Argument of the 
Truth of the Solar Syſtem ; for in the Pro/omean Syſtem they 
would be ſeen to move with their true or real Motion, and 
in their Direction according to the Order of the Signs from 
Weſt to Eaſt, in every Part of their Orbits, and that always 
in an equable Manner ; whereas now we obſerve them move 
ſometimes from * to Exft, when they are ſaid to be dire# 
in Motion; ſometimes from Eaſt to Me, when they are ſaid 
to be retrograde, or to go backwards; and ſometimes they 

not to move at all for a certain Time, when they are 
ſaid to be fationary; And laſtly, the Motion of a Planet 
when rect is always much flower than when it is retrograde. 

17. Now all theſe Phznomena are not only explicable by, 
but neceſſarily follow from, the Cepernicen Theory. Thus 
with reſpe& to the Planet Mar cury, when at R he will appear 
at his eſt Diſtance from the Sun among the Stars at Q 

in the Line TQ but as the Planet paſſes from 
by N to O, the viſual Line TQ will continually approach 
the Line TW, in which the Sun appears at W; and when 
the Planet is come to D it will be in Conjunction with the 
Sun, and will have apparently deſcribed the Arch QW in 
the Heavens. After this, while the Planet moves from O to 
Z, it will appear to go in the Heavens from W to X, ſtill 
the ſame Way as before; and becauſe its apparent Motion 
agrees with the true, it is all this while dire&. 

18. But when the Planet moves from Z to M, the Ray 
TX will return, and deſcribe the Arch X W back again; and 
as the Planet moves from M to R, the viſual Ray will keep 
moving on from W to Q; and ſo in the Paſſage of the Pla- 
net throuph the Part of its Orbit ZMR it will appear to 
move in the Heavens through XWQ, the ſame Arch as be- 
fore, but in a retrograde Direction. * 
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ean Hypotheſis, but cannot happen in any other. 
XIV. Tur ſeventh is, That the Bodies of Mer- 
cury and Venus, in their lower Conjunctions with 
the Sun, are hid behind the Sun's Body; and, in 
the upper Conjunctions, are ſeen to paſs over the 
Sun's Body or Diſk in form of a Slact round Spot: 
Which is neceſſary in the Copernican, but impoſ- 
ſible in the Plolomean Syſtem. ; 


109. Now becauſe the Tangent Line or viſual Ray T Q or 
T X coincides as to Senſe with the Orbit of the Planet for a 
ſmall Diſtance on each Side the Points R and Z, as from « 
to b, and from c to 4; therefore the Planet when it arrives at 
4 will appear to move in the Tangent from à to 6, 7 
which Time it will be ſeen in the ſame Right Line TQ, 
conſequently in the ſame Point Qin the Heavens: So that in 
its Motion from à to & it muſt = ationary, or without 
any Motion; and the ſame is to erved in moving from 
c to 4, when the Planet is in that Part of its Orbit. 
20. Hence we obſerve, that in Mercury and Venus, the 
Places R, Z, and A, G, of their greateſt Elongation are thoſe 
in which they are flationary. It is in theſe two Points that 
we can at any time ſee Mercury ; and it is in thoſe Points that 
we ſee Venus ſuch a glorious Morning-Star or Phoſphorus at A, 
and ſuch a ſplendid Evening-Star or Hrſperus at G. Hence 
we obſerve, that from the Time Venus is a Morning-Star in 
her greateſt Elongation at A, to the Time of her being an 
Evening-Star in her greateſt Elongation at G, ſhe is &reZ in 
Motion : Conſequently, half the Time of her being a Morn- 
ing or Evening Star ſhe is dire, and the other half retro- 


21. Alſo it is eaſy to obſerve, that fince the ſame Arch QX 
is deſcribed in Times very unequal, wiz. in the Times the 
Planet deſcribes the very unequal Parts of its Orbit ROZ 
and ZMR, the Velocity of the Motion in the former Caſe 
muſt be much leſs than that in the latter; that is, the Planet 
when direct moves apparently much flower than when it is 
retrograde. | 

22. If we conſider the Diſpoſitions of the Orbits of the 
ſuperior Planets, we ſhall obſerve the ſame Phænomena of 
them alſo. Let 8 be the Sun, ACH the Earth's Orbit, 
IMK that of Mars, and OLQ the Firmament of Stars. 
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XV. Taz eighth is, That the Times in which 
theſe Conjunions, Oppoſitions, Stations, and Re- 
trogradations of the Planets happen, are not ſuch 
as they would be, were the Earth at Reſt in its 
Orbit; but preciſely ſuch as would happen, were 
the Earth to move, and all the Planets in the 
Perjods above aflign'd them: And therefore ibis, 
and no other, can be the true Syſtem of the World 


n . QMG and OMC, to touch the 
Orbit in G and C Then becauſe the Earth and Mars 


do both move the ſame Way, but the Earth very quick in 


reſpect of Mars, all the Phznomena will be the very ſame 
if we ſuppoſe Mars to be at Reſt, n 
with the Difference of their Veloci 

then be at Reſt in Il. and the Farth 

G. AtG the Planet will be ſeen in 
Line G Dr 8 
Mars will be ſeen in the Line H — among the Stars at P. In 
the ſame manner at A, B, and C, the Planet will be project - 
ed to the Points L, N, O, in che Heavens. Therefore — 
the Earth deſcribes the Part of its Orbit G AC, Mar. will 
appear to move through the Arch of the Heavens +6] 


which being from Welt to Eaſt is according to the 


the Signs, and the Planet will be dire& in Motion. 
24. But s the Earth proceeds from C to D, Mars will ap- 
A ren OS. N; and as the Earth goes on mn 
F, to G. Mars will appear to return by L, P, to Q, and 
ſo meals back again the ſame Arch as before : And thus 
g the Earth's Paſlage ſrom C to G, this Planet will appear 
retrograde ; which therefore muſt always be the Caſe when 
he 8 in Oppoſition to the Sun and neareſt to the Earth, as in 
Conjunction he is always direct in Motion; and when the Earth 
isin'G or C, the Planet mult appear for ſome Time fationa- 
ry, for the Reaſons mention'd in vt. 19. The fame may 
he ſhewn of Jupiter and Saturn ; but as the Earth has a much 
greater relative Velocity in reſpect to Jupiter than it has with 
reſpect to Mars, the Times of the Conun&icns and Oppoſitions, 
as alſo of the progreſſive and r/greſſive Motions, will be more 
frequent in Jupiter than in Mars, and for the ſame Reaſon 
will kappen oftener in Salurn than in Fupiter, 
| 25. Again: Another Phænomenon, which infallibly proves 
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and it will ſtand the eternal Teſt of future Ages, 
for, MicaTy 1s THE Force or Tur, anD 
SHALL PREVAIL, 

Bur though the Planets all move round the 
Sun in Orbits commonly ſuppoſed circular, yet 
are they not exactly ſo, but elliptical, or in form 
of an ELL1es1s, which Figure is vulgarly call'd 


the Truth of the Copernican Syſtem, is, that Venus and Mer- 
cury ſuffer an Occultation behind the Sun's Diſk, when they 
are in the remoteſt Parts of their Orbits, as at D and O; but 
this can never happen in the Pro/omean Hypotheſis, becauſe 
there the Orbit of the Sun is ſappoſed exterior to the Orbits 
of thoſe two Planets. | 

26, All theſe Phænomena of the Planets plainly prove, 
that the Earth holds that Place in the Heavens which the pre- 
ſent Philoſophy aſſigns her; but to ſhew moreover that ſhe 
has not only a Place among the Planets, but likewiſe that ſhe 
is carried in the ſame Manner with them about the Sun, we 
need only obſerve, that the Times in which theſe Phano- 
mena happen to the Planets are no ways ſuch as they would 
be were the Earth at Reſt, bat ſuch as they muſt neceſſarily 
0: ſuppoſing the Earth's Period about the Sun to be in 3655 

ys. | 

27. For Example : Suppoſe Yenus at * time in Con- 
E with the ban at V, then were the at Reſt at 

, that very Conjunction would happen again When Venus had 
made juſt one Revolution, that is, in 225 Days; but every 
one knows this is contrary to Experience, for a much longer 
Time than that lapſes between two Conjunctions of the ſame 
Kind; as there evidently muſt, if we ſuppoſe the Earth to 
tave a Motion towards the ſame Parts in the ſame Time; be- 
cauſe then, 'tis plain, when Venus comes again to V, the 
Earth will have paſs'd in that Time from T to ſome other 
Part of the Orbit, and from this keeps moving on, till Yeazs 
gets again between it and the Sun. N 

28. What this Surplus of Time is may be eaſily eſtimated, 
by ſuppoſing the Earth to be at Reſt in her Orbit, and Venus 
move with the Difference of their mean Motions, Thus 
ne daily mean Motion of the Earth is 59/ 8, and the dail 
mean Motion of Venus is 1* 36/ 8”. The Difference of th 
mean Motions is 47"; therefore ſay, As 37“ is to the whole 
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an Oval, as ABPD, deſcribed about two Centers 
8, F, call'd the Faci, or Focal Points of the Ellipſe. 
The Point C is the Center; AP the Axis, or 
longeſt Diameter; and B D the ſhorteſt Diame- 
ter: And in one of theſe Focus's. viz. S, the Sun 
is placed, about which the Planet moves in the 
Orbit ABPD (CXL). 


Circle or 360* = 21600/, ſo is 1 Day to 583 Days, the 
Time between two Conjunctions as required, wiz. 1 Year 
and 218 Days, in which Time Jena performs a little more 
than 2; Revolutions. In the ſame Manner the Time may 
be found for any of the other Planetary Conj unctions, Op- 
politions, Stations, Retrogreflions, &c. 

27. Theſe Arguments are plain, and eaſy to be under. 
food ; moſt of them require no more than common Obſer- 
vation, that is, in other Words, common Senſe. To be 1gno- 
rant of the Tryths here ſpecified, is to ſhew gn unaccounta- 
ble Inattention to the moſt obvious and glaring Phanomena 
of Nature: And if People are not convinced by theſe Prook,, 
it is not becauſe they cann!, but becauſe they wwill not; and 
therefore, Si Populus wilt decipi, decipiatur. | 


{(CXL} 1. We have hitherto confider'd the Phaznomena of 
the Heavenly Bodies without regard to the accurate Form of 
their Orbits, which is not circu/ar, but elliptical ; yet that it 
2.— 3 even nl the moſt eccentric Orbit, as that 4 

ereury, will appear by comparing their Eccentricities wit 
their mean Diſtances from the Sun. Thus ſuppoſe the mean 
Diſtance of the Earth from the Sun be divided into 1000 
equal Parts, then in thoſe Parts we have, 


In Mercury, CS: DS: 80: 387: 1: 4,84 
Ven, Cs: DS:: 5: 7232 1: 144,6 
Earth, CS: DS 17: 1000 : 1: 19 
Mars, CS: DS: 141: 15242 1: 10,8 
Jupiter, CS: DS 250: 501 :: 1: 20,8 
Saturn, CS: DSA 547: 95382 1:14 

2. It is found by Experience that the Orbits of the Planets 
are quieſcent, or that the Line of the Apfides A P always keeps 
one and the fame Poſition with reſpect to the Fix'd Stars: 
And the Aphelium, or Point A, poſſeſſes different Points in 
the Ecliptic in the ſeveral Orbits as follows. 


3 40 
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Hence, when the Planet is in the Point P, it 
is neareſt the Sun, which Point is, for that Rea- 


9 44 8 SL #8 
In Mercury, f 12 44 00 | In Marg, m © 31 54 

Venus, 2 4 19 54 Jupiter, & 9 9 54 

Earth, F 8 1 10 Saturn, F 27 49 54 

3. That the Earth's Orbit is elliptical is well known from 
common Experience; for were the Orbit circular, the Sun's 
apparent Diameter would always be the ſame ; but we find 
it is not, for if it be meaſured with a Micrometer in Winter- 
time, it will be found contiderably larger than in the Sum- 
mer, and it will be greateſt of all when the Sun is in the 80 
of yp, (which ſhews that is the Place of the Apbelium)] it be- 
ing then 32/ 47%; whereas when the Sun is in the 8“ of as, 
his Diameter is but 31/ 407%. 

4. Hence it is evident that the Sun is really nearer to us 
in the Midſt of Winter than in the Midſt of Summer; but 
this ſeems a Paradox to many, who think the Sun muſt needs 
be hotteſt when it is neareſt to us, and that the Sun is appa- 
rently more diſtant from us in December than in June. As to 
the Sun's being hotter, tis true it is ſo to all thoſe Places 
which receive his Rays directly or perpendicularly, but we 
find his Heat abated on account of the Obliquity of the Rays, 
and his ſhort Continuance above the Horizon at that Time, 
And as to his Diſtance, it is only with reſpett to the Zenith 
of the Place, not the Center of the Earth; ſince it is plain, 
the Sun may approach the Center of the Earth, at the ſame 
time that it recedes from the Zenith of any Place. 

5. Agreeable to the Sun's nearer Diſtance in the Winter, 
we obſerve his apparent Motion is then quicker than in Sum- 
mer; for in the 8 of yy it is about 61/ per Day, but in the 
8* of 23 his Motion is but 57 per Day. Accordingly we 
find the Summer Half-Year 8 Days longer than the Winter 
Half-Year, as appears by the following Computation, 

SUMMER Ha Har includes WIx TE Half: Year includes 

In March 21; Days. In September 18 Days: 


April 0 | Oober 31 
May 1 November 30 
June 30 December 31 
/- FE + Ry bs 
gu l 
Summer-Half 1863 1782 
Winter-Half 1781 — 


The Difference 8 Days. ſon, 
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fon, call'd the Peribelion : Here, therefore, the 
Attraction of the Sun is ſtrongeſt, his Light and 


6. For the Sun's attrafting Force being one Part of the 
Cauſe of the Planet's Motion, and this Force always in- 
crealing and rr 
the Diſtances, tis evident the Velocity of the Planet will al. 
ways be greater the nearer it is to the Sun, and vice venſa. 
Hence the Motion of a Planet is every where unequable, be- 
ing conſtantly accelerated as jt paſſes from A by D to P, and 
in the other Half from P to A it is retarded. 

7. Yet is this unequal Motion of a Planet regulated by a 
certain immutable Law, from which it never varies, which 
ia, That a Line drawn from the Center of the Sun to the Cen- 
ter of the Planet does ſo move with the Planet about the Sun, 
that it deſcribes elliptic Areas always profortional to the Times. 
That is, if when the Planet moves ſloweſt it deſcribes the 
Arch Aa in a given Time, and when it moves quickeſt it 
deſcribes the P in the ſame Time, then will the trili- 
neal Area ASe be equal to the other trilineal Area 4SP. 
8. To demonſtrate this, let the Time in which the Planet 
moves through the Periphery of its Orbit be divided into 
equal Parts, and ſuppoſe that in the firſt Part it deſcribed any 
Right Line AB, by the Projectile Force in any DirgRion and 
the Centripetal Force conjointly; then in the ſecond Part of 
Time it would proceed in the ſame Right Line to c, if no- 
5 ſo that Bc = AB, as is maniſeſt from the 


ight Lines $B, Sc, and the Triangles ABS and 


fame the Vertex S. But when the Body comes 
10 B, tripetal Force act with a new Impulſe either 
equal to the former or unequal, and let it cauſe the Body to 
decline from the Right Line Be, and deſcribe the Right Line 


el to BS, meeting BC in C; and at 

nd Part of Time the Body will be at C, 
Plane with the Triangle ASB. Join SC, and 
Parallels SB, Cc, the Triangle SBC will be 
gc S Be, and therefore equal to the Tri- 
the ſame Way of Reaſoning, if the cen- 
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ſucceſſively in the Points C. D, E, cauſing 
| Part of Time to deſcribe the Right 
E, „Sc. the Triangles SCD, SDE, 

equal, and ii inthe i ns, 8 
o. In ggual Times, therefore, equal Areas are deſcribed, 
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Heat greateſt, and his apparent Diameter largeſt ; 
and in this Point the Planet muſt conſequently 


and, by Compoſition of Ratios, any Sums of Areas SADS, 
SAFS, are to each other as the Times in which they are 
deſcribed. Let now the Number of Triangles be increafed, 
and their Bfeadth be diminiſh'd in infinitum ; then wilt their 
Perimeter A DF be ultimately a Curve: And therefore the 
centripetal Force, by which the Body is drawn 
from the Tangent of this Curve, acts inceſſantly ; and the 
Areas deſcribed are alſo in this Caſe proportional to the 
Times of their Deſcription. © _ ling 32 
11. Hence the Velocity of the revolving Body or Planet 
is every where inverſely as the Perpendicular let fall from the 
Center 8 to the Tangent of the Orbit in the Place of the 
Planet. For the Velocities in the Points A, B, C, &c. are 
as the Baſes of the Triangles AB, BC, CD, Ce. as bein 
the Spaces deſcribed in the ſame Time; and the "Baſes © 
Equal Triangles are reciprocally as their ndicular Alti- 
tudes ; and therefore ſince in the evaneſcent Triangles ASB, 
ASC, Cc. the Right Lines Ac, Bd, Ce, Sc. become Tan- 
gents to the Curve in the Points A, B, C, &c. tis manifeſt 
the Velocity in thoſe Points will be inverſely as a Perpendicu- 
lar from 8 let fall upon thoſe Tangent Lines produced. | 
12. Hence alſo it follows, that the Times in which equal 
Arches are deſcribed in any Planetary Orbit are directly as thoſe 
Perpendictlars, becauſe they are inverſely as the Velocities. 
13. If two Chords of very ſmall Arches deſcribed in the 
ſame Time AB, BC, and DE, EF, be compleated into the 
Paralleloprams ABCV and FE DZ, and the Diagonats BV 
and EZ be drawn; then will thoſe Lines tend to the Sun or 
Center 8, and be proportional to the centripetal Force: For 
the Motion BC and E F r- of BV, Bc, and 
EZ, Ef; but BV = Cc, and EZ = FF; but Cc and FF 
were generated by the Impulſes of the centripetal Force in 


ſequen BV and EZ. | 

+43 &4 1 " Diagonal AC, and it will bife& the Line 
BV in gonſequently the Sagitta Bb is as the centripetal 
* Which the Arch ABC is deſcribed, whoſe Chord 
EAC & | | 


B and } * thereſore proportional to them; and con- 


Hence if a Body revolve in any Curve APg about Plate 
an \-amoveable Center 8, the Force in any Point P will be L VIII. 


A . | R * 
m in e other Point þ U 55 N Bp x7 
my | ; move 


2 Fig. 5 
— 
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| move with the greateſt Velocity, But in tle WW th 
| Point A, where the Planet is fartheſt diſtant from e 


for the Sagitte QR, gr, (which call 8, ,) are as the cent. 
petal Forces (F, /,) in P and p, when the Times (T, r,) are 
— (by the laſt) that is, 8: :: F: . But when the 
orces are given, the Sagittæ will be as the Squares of the 
Times, vi. 8: :: TT: if. Therefore when neither the 
| Times nor the Forces are the ſame, it will be S: ½1 FxT*: 
fx"; dſo: tn P:/ And becauſe the elle 
Areas S QP and Sgqp are as the Times in which they are de- 
ſcribed, therefore when the Arches PQ and pg are indef- 
nitely ſmall, we have T: 7 :: 18 P, QT: $Spx9t: 
1 Conſequently we have, s F: n 


BREE Sos 


©? 


BUEN. ai 
SP*% QT* Sp* x gr* 


16. Let SY be a Perpendicular let fall from S upon the 
n then will the centripetal Force be 


e eee 


for the evaneſcent Arch QP is coincident with the Tangent 
e e e eee 

e , W is rzSPxQT, orzQP xS!; 
* T = QP x SY. WI te bern 

Plate 17. If the Orbit were a Circle, as PQVF, and PV 
LVIII. Chord drawn through the Center of Force 8; then drawing 
the Chord QM in ſuch manner as it may be biſected in K 
2 V, we have QE* =VK « PK, (by Eucl4, 
III. 35.) but in the vaniſhing State of PK it will be VK = 
VP, and QR—=PK (by t. 13); alſo QK = QP, there. 


fore QP* =VP x QR, andPV = =; whence, in i 
| Caſe, the central Force will be inverſely as $Y* x PV. 
18. Wherefore, fince the Velocity is as x, we hax« 51" 


as the Square of the Velocity inverſely ; therefore the cn 
Force is as the Square of the Velocity directly, as | the 

PV inverſely. E Ant tv 
19. Hence if the curvilinear Eigure APQ be given. and 
any Point 8 to which the centripetal Force is continum 
retcted, the Law of the centripetal Force may be ſom 
which any Body F perpetually drawn from a right-lin'd { is 
ſtall be detain in'd in the Perimeter of that Figure, andi 
the 


. 


. 8 


E 
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the Sun, (for that Reaſon call'd the Aphelion) 
every thing is juſt the reverſe: And- in the 


volving ſhall deſcribe it, viz. by computing the Value of the 
Expreſſion TY or of SY* x PV. 7 | 

20. For Example: Let a Body P revolve in the Circumfe-' Plate 
rence of a Cirele, tis required to find the Law of the crntripetal LV III. 
Force tending to any given Paint 8. Let PY be a Tangent in Fig. 6. 
the Point P, and SY the Perpendicular, and VP the Chord 
paſſing through S. Let V A be the Diameter of the Circle, 
and join AP. Then is the Triangle 8 V P fimilar to the Tri- 
angle VAP ; as may be ſhewn from — — There- 
fore AV : PV :: SP: SY; conſequently V =8Y, 

SP* x PV? An ee 

and ſo A ruf V. which therefore is as the 
centripetal Force inverſely ; but becauſe AV* is a ivea 
Quantity, we have the ſaid Force reciprocally as SP* x PVS. 

21. Again: Let it be required to find the Law of the centri- 
petal Force by which a Body is maved, fo as to diſcribe the equi-' Fig. 7. 
angular Spiral PS about the Center 8. In this Caſe all the 
Angles are given in every trilineal Area SQP, and therefore 
aiſo the Ratio of all the Sides in the Figure SPRQT ; there- 
fore the Ratio of O is given, whence Of . QT" is as 
QT; that is, (becauſe of the given Ratio of QT to PS) 
Test. And this Ratio will be conſtant, let the An- 
gle PSO be changed in any Manner whatſoever: For let 
QR = a, when the Angle PSQ'is conſtant, and QF = 5; 
but when it is variable, let QR r x, and QT == 7; then 
(by Lem. rr. of Princip.). it will be @ : x :: , whence 
3 2 „ 2 1 Ix 8 
- - "Of 7 T9 W Er 
x 


" 2 

the ſame as at firſt, wiz. as SP. Therefore = 

will become SP? ; conſequently the centripetal Force QR 

will be inverſely as 8 P' 7. "bag | | 
22. Let a Body revolve in an Ellipfis APQ, by @ Forte eve- Fig. 3, 

ry where directed to the Center C; It is required to find the Law 

that Force, Let Qu be drawn parallel to the Tangent 

R, and PP perpendicular to KC and parallel to P F Join 

Points 


2251 
is 
1 


; 

LE, 
* 
8 FN 
7 


PE(SAC):PC; de, QR: Por: AC: PC: 
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Points B or D it is in its mean Diſtance from 
the Sun. 


CQ ; the reſt as before, The right - angled Triangles QT 
and PF C are fimilar ; ——— C= PCF, . 
clid, XXIX. 1.) therefore QT : O:: PF: PC; and Q 
PC,= Qvx PF. But QT x PC is equal to twice the Tri. 
angle PQC; which is a conſtant Quantity, as being propor- 
r is d ; 

om plis DK x PF is a conſtant Quantity Ge 
mics). Therefore DK x PF is to QT x PC, —— 
that is, DE to Q, in a given Ratio, wherever the Point Pi 
taken in the Ellipſis. Hence alſo the Ratio of DK* to g 
is a conſtant one: But in the Ellipfis DK* : Q :: PG*: 
Pw x vG (per Conics). Now becauſe Qu = QR, and tht 
Difference G and GP is infinitely ſmall, therefore 
Po x vG = QR x PG ; whence PG! is in a conſtant Ra 
tio to PG x QR, that is, QR or he centripetal Force is eve) 
<wwhere in a conſtant Ratio th PG, or to PC, the Diftance frm 
the Center. 

23. Hence if the Center C of the Ellipſis were to go of 
to an infinite Diſtance, the Ellipfis would be changed into 
Parabola, in which the Body would move, and the Force 
ing to a Center at an inſinite Diſtance would become 

if 


a 
| 


ſame with Gravity, according to the Theory 
| the Parabela ſhould be changed into an 
„the Body would move in that Curve by the fame 

Force now changed from a centtipetal to a cen- 
now it cauſes the Body to recede from 


7 to find the Law of the Fort 
| of an Elli. Draw SP to the Fo- 
and PH to the Focus H, and HI | to DK. 
L Sn I; r | 

= SPR, (per Conic:) and HI parallel to 
PR, — PHI = PHH, and fo PI 


== PH; conſequently EP = —— AC, from the 


> 


| 


N 


- 


N., 


— IT „ (becauſe 2 AC: 2 BC :: 2BC : L) and Q® 


interſect PS in x. Then becauſe QR = Pa, and the Ti- 
angle Px ſimilar to the Triangle PEC, we have Px : Por 


4 Now 
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Now though the Planetary Orbits are really el- 
liptical, yet is the Ecrentricity CS, in molt of 


L x QR: LxPwv. (Theorem I.) Again, LX PY: Gov x vP 
: L: Gu. (Theorem IT.) Alſo, Gv x vP : re: 
DC“, e Theorem III. Again, Q: QT* :: PE“: 
PF* ; but when the Points P and Q comcide, it is Qx* = 
Q, and PEL CA“; wherefore then Q: QT* : 
CA*: PF“. Now becauſe PFx CD= AC x BC, [per 
Conics ) therefore PF* x CD* = AC® x BC*, and ſo AC* : 
| PF :: CD* : BC*; conſequently Q: QT* :; CD“: 
| CB. (Theorem IV.) "A | AG 
25. Theſe four Theorems ſet ſeparately as below. 
Tugokxzu I. LxQR:L xPo::AC: PC. 
II. LX PS: GS XP:: L: GV. 
III. GX oP : Q:: PCL: CD“. 
IV. O“: QT? :: CD“: CB. 
It is evident, by joining all the Ratios we have LX QR: 
QT*:: ACX Lx PC* x CD®* : PC x Gu x CD* x CB®; 
but becauſe AC x L = 2 BC?, we have LX QR: QT“: 
2PC: Gv. New when P and Q coincide, 2 PC = Go, 
and then LX QR S QT“; and multiplying each Side by 
SP? r | 
an we ſhall have L x SP* = — OR Therefore the 
centripetal Force is as L x SP inverſely ; or, becauſe L is a 
given Quantity, it will be direflly as Sr | 
26. I ſhall now ſhew what Ratio the projectile Force 
which cauſes a Body to deſcribe a Circle has to that which 
c&teris paribus ) cauſes the Body to deſcribe any Canic Section. 
t us aſſume this Ratio to be that of = to 1; and putting 
24 and 26 for the tranſverſe and conjugate Diameters of the Pl. LIX. 
Conic Section AN, the Circle being A IH, ſuppoſe the Right Fig. 2. 
Line EF to move parallel to itſelf, and the Points @ and 4 
therein ſo as to deſcribe the Curves AI and AN; and let the 
Diſtance of that Line from AB be call'd x, wiz. AES = x; 
and let 24 = AH the Diameter of the Circle. 


27. Now V 24x — xx = Ed in the Citcle, and - * 
V2ax = =Ea in the Conic Section. - The Fluxions 
bf the Otdinates E and Ea, oi. and 


2dx = xx © 


You, II. 7 : them 
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j them, ſo extremely ſmall, as to be almoſt inſenſi- 
lf ble; and therefore their Motions may be look'd 


10 E 


, will be as the Velocities in every Point of 


0 V 2ax ==xx 
\ 


the Curves in the Direction EF or AB. But theſe Fluxions 


k d—x b a= x Ms x 
| are as and — x —— | dividing by — | 
j V2d—x a Va & ( =} | 


and therefore when EF arrives to AB, or x =o, the Ratio 
6 d 
! of thoſe Fluxions or Velocities will become that of = 
| 2 
a 


6 VTLS Bas a, wh 
2 Or as oo yg . ere - 


0 EY | 
| fore d: —=:: 1: m; whence we have nnad = 66. 


28. And el rien the Diſtance * Center 

b 
of Force, we have oy Vier Ctar= = _ become 
== 4 


2ad == dd = bb = nnad. Whence we get a = 


= nd 


2 — #* 
and b = Having therefore the Diameters 24 
2 —2*% - 


and 26, the Conic Section is given in Specie. 
29. Now becauſe Unity, or 1, repreſents the projectile 
Force to deſcribe a Circle, the Force „ may be any other 
Number greater or leſs to deſcribe a Conic Section. And firlt 
. 
| 2 — #* 0 
the Center of the Curve will be at an infinite Diſtance from 
A, and conſequently be the Parabola AN. 
30. If the Value of * be between 1 and 2, or if » be 


any Number between 1 and / 2, then will the Conic Section 
be an Ellipſe between the Circle AEFH and the Parabola 
AN, having the Center of Force C in the upper Focus next 
A, as the Ellipſe ALMK. 

31. But if » be any Number leſs than 1, the Curve will 
ſtill be an Ellipſe, but within the Circle, having the Center 


of Force C in the lower or remote Focus, as the Ellipſis 
AIGO. 
upon 


+ —_— 88 „ 


Ks 
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upon as circular, and as ſuch repreſented in Or- 


42. Again; if #* be greater than 2, or 1 greater than 
2, then will @ be negative; conſequently the Curve will 
be an Hyperbo/a, as AO. | 


| 
| 
33. Lay: if n* Se, then þ = "== = 0, and | 
. 2 — 2 
ay a = 14; that is, if the projectile Velocity be diminiſh'd ad | 
8 infinitum, then the Curve or Trajectory will become the Right | 
Line AC; or the Projectile will deſcend directly to the Cen- | 
ter of Force C. | | | 
34. Let A = the Area of any Ellipſe, 8, S, s, the Areas pl. LIX. we 
= of the Sectors ASB, BSC, CSD, Oc. and T, 7, t, the Fig. 4. | 
. Times in which they are deſcribed ; then we have 8: & :: ii 
N T: 7, and 8: 3 :: T: 7, and fo on for every Sector through 1 
the whole Area. Therefore 8: T:: S4＋ STZ: T＋7＋ 14 
; t :: Sum of all the Sectors: Sum of all the Times in which 14 
they are deſcribed ; ſo is the whole Area A to the Periodical 
4 Time P of a whole Revolution. Conſequently, S x Þ = 
. and =, and in a given Particle of Time 


T, we have P as 4 . 
35. By Art. 25, we have the principal Latus Rectum L = 
JO but in a given Time the centripetal Force QR is as 
I 


; wherefore in a given Time L: QT* x SP“; and {6 


$Þ* 
L*:QTxSP:S, the Sector ASB deſcribed in a given 


Time, Whence P: r; therefore A: P x L*, that is, The 
L 
Area of an Ellipſe is in the Subduplicate Ratio of the Latus 
Rectum and Periodical Time conjointly. 
36. Now let a = Tranſverſe Axis, and & = Conjugate ; 
then (by Conics) 4: 6 :: 6: L, and fo b*= al, and b= 


4 L*; whence ab = a? „I. But the Rectangle @ x 5 : 
3 T 
A, the Area of the Ellipſe, (by Conics) therefore a* x L* : 


A: PI, (by Are. 35.) that is, a*: P; or, The Period:: 
cal Time is in the Seſquiplicate Ratio of the Tranſverſe or greater 
Amis of the Ellipe. | 
37. Hence the Periodical Time will be the ſame in all the 
Z 2 reries 
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reries and Diagrams, without any ſenſible Er- 


ror, 


| Species of an Ellipſis from a Right Line to a Circle deſcribed 
| upon the ſame tranſverſe Diameter ; or, more particularly, 

ö the Time of deſcribing the Semi-Ellipſe AE D will be the 
it ſame as that of the Semi-Ellipſe AO; and the fame alſo 
ii as the Time of deſcribing the Semi-Circle AP D, which is 
| only one Species of an Ellipſis, where the Foci coincide with 

| the Center N, and the Semi-Conjugate NO becomes the 
If Semi-Diameter NP. Laſtly, when the Semi-Ellipſe AOD BB 
[ degenerates into a Right Line AD by diminiſhing the Semi- 
ft Conjugate N © ix infinitum, and the Focus receding to the 
| End of the Axis at D, it is plain the Time of deſcribing the | 
1 Line AD is ſtill the ſame. K | 
Pl. LIX. 38. The Velocity of the revolving Body P is as = SY 


Fig. 5. being a Perpendiculay tet fall on the Tangent PV from the i 
Center of Force 8; for the Veloeity is ever as the ſmall Arch 
99 in a given Time. But QP == PR, in its eva- 
neſcent State; and becauſe of the Right Angles at T and v, 
and the Angle QPT VPS when the Points Q, P, coin- 
cide, the evaneſcent Triangle QP T will be ſimilar to PSY ; 
and therefore give Q (= PR): QT :: PS: SY ; whence 


PRES But SP QT: LI; therefore PR: 


4 4 
| = That is, The Velocity is in the Subduplicate Ratio of the i 
Latus Rectum directly, and the Perpendicular inverſvly. ; 
39. Hence the Velocities in the greateſt and leaſt Diſtances i 
A and D are in the Ratio compounded of the Diſtances SA 
and SD inverſely, in the ſame Figure where L is a given 
22 becauſe in that Caſe the Diſtances are the Perpen- 
iculars. . = 
40. Therefore if a Circle DECF be deſcribed at the ſame 
Diſtance SD, becauſe the Circle is that Species of Elliplis 
| whoſe Latus Refum is equal to the Diameter 2 DS, and ſince 
1 in this Point D the perpendicular Diſtance is the ſame in both, | 
1 the Velocity of the Body in the Ellipfis at the Point D is to | 
that of a Body deſcribing the Circle in the Subduplicate Rz- 
lh | tio of L to 2DS, or as L to 2 DS; and the ſame may 
i be ſhewn with reſpe& to the Velocities at the other Point A. 
41. To compare the Velocity in the Ellipſe at the wean 


j 1 8 Tue 
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TRE OrRExyY is, therefore, an adequate Re- 
preſentation of the TRUrf SOLAR SYSTEM, and 


Diſtance B with that of a Body deſcribing a Circle EF at pl. LIX. 
the ſame Diſtance CB from the common Focus 8, let R = Fig. 6. 
Radius of the Circle = AC = CD =SB, and let B = 

lefler Semi-axis BC, which is here equal to the Perpendicular 

SY to the Tangent in the Point B. Let the Velocity in the 

Ellipſe be V, and in the Circle v; and as L = Latus Refum 

of the Ellipſe, fo 2 A is that of the Circle; therefore (Art. 38.) 

1 cms 


V: : Tf. 2 Af or V* ; a? #24 2A..LxA:2B* 
Mel BE. A* 


But becauſe (by Conics) A: B:: 2B: L. therefore 2 B. = 
A x L; conſequently V , and fo V= v. That is, 
The Valecity of the Body in the Ellipſe in the Point B is equal to 
that in the Circle EF deſcribed with the mean Diſtance 8 B. 
42. It has been already ſhewn (Art. 29.) that the Velocity 
of a Body in the Vertex of a Parabola is to that in a Circle at 
the ſame Diſtance from the Focus, as V 2 to 1. And be- 
cauſe every thing that has been ſhewn relating to the Motion Fig. 7. 
in an Ellipſe may be demonſtrated alſo of the Parabola and 
Hyperbola, (See Princip. Lib. I. Prop. XII, XIII.) therefore 
in the Parabela the Velocity will be every where at P as 2 
Perpendicular SY let fall upon the Tangent PV reciprocally. 


And (by Conice) SY* : 8P, and ſo SY : VPS; therefore, 
The Velicity in the Parabola will be every where as VIP or in 


the Subduplicate Ratio E: the Diſtance inverſely. 
43. We have alſo ſhewn ( Annor. XXXIV. 13.) in a Circle 
whoſe Radius is a, P = Periodical Time, V == Velocity, 


that ) P = , and V= . and therefore V2 = 5 but 


alſo P* : a7, C 11.) whence V> : ; : —3 therefore 
a - 

V: 8 Therefore the Velocity (V) in the Circle AGHI 

is to the Velocity in the Circle EP F deſcribed with the Ra- 

dius SP, 2 , t , or V: on VBB. X 

75 * 'AS pP Or 2 V 22 . _ 


II. But the Velocities in the Points A and P in the Pa- 
rabola alſo are in the ſame Ratio of SP to V 4 L{by 42); 


Z 3 gives 
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and when the Arches Q and gp are indefinitely ſmall, we 
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gives a juſt Idea of the Number, Motions, Order, 
and Poſitions of the heavenly Bodies : But the Pro- 


conſequently, The Velocity in the Parabola at the Vertex A is 
to the Velocity in the Circle in the ſame Diflance AS, as the Ve- 
lecity in the Parabala at P is to the Velocity in the Circle deſcribed 
at the ſame Diftance SP ; that is, in the Ratio every where of 
V2 to1. 

44. Again; the Velocity in the Circle whoſe Radius is 
ISP is to the Velocity in a Circle whoſe Radius is SP, as 
Sb to ISP, or as V 2 to 1; conſequently, The Yele- 
city in the Parabela at P is equal to the Velocity in a Circle whoſe 
Radins is 4 SP. | 

45. The angular Velocity of a Body P revolving in any 
Orbit, that is, the Angle which is made at the Center 8, 
viz. PSQ, by the Radius Hector SP deſcribing in a given 
Time the Arch PQ, is as QT directly, and as SP inverſely ; 


that is, the Angle PSQ : pSg 8 77 : 15 This is eaſy 


to underſtand when we conſider, that any Angle is greater as 
the Arch PQ or pg, deſcribed in a given Time, is ſo; and 
leſs in Proportion to the Diſtance SP and 7, becauſe the Ve- 
locities with which thoſe Arches are deſcribed are inverſely as 
the Perpendiculars SY, Sy, to the Tangents in thoſe Points; 


may eſteem them equal to the Lines QT and gr, Whence 
the Propoſition is evident. 2 


46. Hence the angular Velocity at P and þ is as 5: and 


555 5 for the Seftors PSQ and 789, being deſcribed in the 
ſame Time, are equal; whence QT x SP = gt x Sp. There- 
IP 0% QT ge Se. SP 
, 5p : SP; and deny F gn 
. | 
Op? ' fg 


46. From the Foci 8, ;, of the Ellipſe ABD let fall the 
Perpendiculars SY, 45, to the Tangent Vy in the Point P; 
let the centripetal Force tend to the Focus 8; and let C B be 
the leſſer Semi- axis. Then will the Velocity (v) in B be to 
the Velocity (V) in P, in the Ratio of VP to V SP. For 
V: ½τfα,, CB: S1, (re. 11.) whenge V: i CB? ; 81“. 


portion 
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portion of Magnitude and Diſtances of the Planets 
is not to be expected from the Orrery, but by 


4 
But (by Conics) BC = SY x 5y; therefore V: .: SY x 
29 2 nn: [hit becauſe of the ſimilar Triangles 
SPY and sPy, it is 5y : SY :: P: SP; wherefore V* : O t 
P: SP; conſequently V: :: VPB: VSP. | 

47. From what has been ſaid it appears, that the Motion 
of a Planet in its Orbit is very unequal and anomalous; and 
this Anomaly or Irregularity of the Planet's Motion is in it- 
ſelf very irregular alſo, being ſometimes more, and ſome- 
times lefs than at others. And in order to explain this, it will 
be requiſite to compare it with an equal and uniform Motion 
of a Body moving in a Circle. Let therefore the Ellipſe 
AEBF be the Orbit of a Planet, whoſe Focus is 8, its greater 
Axis AB, and leſſer OQ. On the Center 8, and with the 
Diſtance SE, (which is a mean Proportional between A K and 
OK, the two Semi-axes) deſcribe the Circle CEGF. The 
Area of this Circle will be equal to the Area of the Ellipſe, 
as I have ſhewn in my Elements of Geometry. | 

48. In this Circle let us ſuppoſe a Point to move with an 
uniform or equal Motion through the Periphery CEGF, in 
the ſame Time that the Planet deſcribes the Ellipſe; and 
when the Planet is in its Aphelium A, let the 1 Point 
be in C, and the Motion of this Point will repreſent the equal 
or mean Motion of the Planet; and the Point will deſcribe 
round 8 Areas proportional to the Times, and equal to the 
elliptic Areas the Planet at the ſame time deſcribes. 

49. Let now the equal Motion or angular Velocity in the 
Circle be CSM, and take the Area ASP equal to the Sector 
CSM; and then the Place of the Planet in its Qrbit will be 
P; and the Angle MSD, the Difference between the true 
Motion of the Planet and its mean Motion, is the Equation, 
and is call'd the Profthapherefir, from its being added to or 
taken from the mean Motion, to obtain the true or equated 
Anomaly, 

50. Hence the Area ACDP will be equal to the Sector 
DSM, and therefore proportional to the Proſthaphzrefis ; and 
conſequently where this Area is biggeſt, there the Profiba- 
Pbæreſis or Equation will be greateſt, or a Maximum ; which 
evidently happens when the Planet arrives at E, where the 
Ellipſe and the Circle cut each other. For when the Planet 
deſcends farther to R, the Equation becomes proportional to 
the Difference of the Areas ACE and mER, or to the Area 
GBRm; far when the Planet is at R, let the Point be at V. 
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Delineation, as in Mr. Vbiſton's Solar Syſtem , 


and the Sector CS V will be equal to the elliptic Area AS R, 
is, ACE+ CERS = CERS+mER+mSV ; con- 
uently ACE — mER = mSV = mRBG. 
$1. In the Peribelion the equal Motion and the true Motion 
of the Planet coincide, becauſe the Semicircle CE G and 
Semi-ellipſe AE B are equal, and are deſcribed in the ſame 
Time. As the Planet deſcended from the 4phelium A to the 
Peribelium B, jts Motion was flower, or leſs than the mean 
Motion; in which Caſe the Equation or Prefthapherefis is to 
e. from the mean Motion, to get the true Motion 
: Place of the Planet. 

52. But during the Aſcent of the Planet from the Peribe- 
um B to the Jphelium A, its Motion will be quicker than the 
mean Motion, as might be ſhewn in the ſame Manner as 
above. In A the Velocity is leaſt of all, and in B greateſt, 
as we have ſhewn; and in E it is equal to the mean Velocity 
in the Circle. For when the Planet is in E, let the Point be 
in m, and let the Area ESV and Sector Si be deſcribed in 
2 ſame infinitely ſmall Particle of Time, and therefore equal 

each other; for Eb x S» = (Eb x SE =) mix mS; but 
SE = mS, therefore Eh = mi; therefore the angular Ve- 
locity ESh at E is equal to the angular Velocity S, which 
is the mean Velocity. 


: 


3. In order therefore to find the Equated or true Ano- 
ads from the Mean, we are to find the Poſition of a Line 
SP that ſhall cut off the elliptic Area ASP, to which the 
whole Area of the Ellipſe has the ſame Proportion as the 
whole Periodical Time of the Planet has to the Time given 
in which the elliptic Sector was deſcribed. Or if AQ be a 
Semicircle deſcribed on the longer Axis of the Ellipſe, we 
mult draw from S the Line SQ, which ſhall cut off the Area 
ASQ, to which the Area of the whole Circle is in the above- 
mentioned Ratio; for then a Perpendicular QH will cut the 
Ellipſe in P, ſo that the Line PS being drawn, the elliptic 
Area ASP will be to the Sector ASQ aa the whole Area of 
the Ellipſe to that of the Circle, as is ſhewn, 

54. To cut an Ellipſe or Circle in this Proportion was the 
famous Problem ſong ſince propoſed by Kepler, which is ſolved 
as follows. Upon QC, produced if required, let fall the 
Perpendicular SF; the Area ASQ is equal to the Sector 
ACQ and the Triangle QSC, that is, equal to QC x AQ+ 
ex SF; and becauſe 30 is a conſtant Quantity, the 
Wi 13 ll be propomieml i AR+ 35; fees 3 
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where the ſeveral Qrbits of the Planets are 
laid down in their proportional Diſtances from 


we take the Arch QN = SF, we have the Arch AN | 
tional to the Time or mean Anomaly of the Planet; whi 
we can eaſily find by having the true Anomaly given. 

55. For Example ; in Orbit of Mars we have QC: 
SC :: 152369 : 14100; aud becauſe the Length of an Arch 
equal to Radius is 57, 29578, ſay, 

As the Radius QC = 152369 = 5.182985 

Is to the Eccentricity SC = 14100 = 4.149219 

So is the Length of the Arch | 57%,29578 = 1.758078 


To the Length of an Arch B, 3,303 = 0.724312 
Then ſay, 
As Radius SC at 90? 00 = 10.00000 
Is to the Sine of the Angle 7 , _ __ 
SCF = ACQ, which fuppo $30 00 = 9.698970 
So is the Length of the Arch B = 5,302 = 0.724312 


To that of the Arch QN=8SF = 2% 651 = 0.423282 


6. Therefore A N = 30* + 2*,651 = 32* 30/37. 
This from the 8 Nor AG 2 . Sy 
Anomaly AQ 4- QN = AN, which is proportional to the 
Time; and the Reverſe of this, wiz. from the mean Ano- 
maly AN given, to find the eccentric Anomaly ACQ, is to 
be done by the Method of Infinite Series, as follows. Let 
the Arch NQ==y, the Sine of the Arch AN be e, the 
Co-fine , and the Eccentricity SC = g. The Sine of 
the Arch AQ is equal to the Sing of the Arch AN —NQ, 
equal to the Sine of the Arch AN —y, which Sine is thus 
2d 3 2. 993. 
expreſſed by a Cony. Series, — 2 n= yo 


1.2 1.2.3 


- 
127 Oe as Dr. Kill has ſhewn in his Trigonometry, - 


$7. Qull that Series i, then Radius (1) : Sing of AQ (4) # 
SC (g): SF=(y) NQ; therefare y = gs 4 .—2— 


22 1224 2 Sc. Conſequently we have ge = 


1,2 1.2.3 1.2.3.4 
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1+ 4 ni 9, &c, Let ge =$ | 


1.2.3 1.8.3.4 


the 
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of the Radius contains 100000; but to have it in 
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the Sun; and their Magnitudes comparatively 
with each other, and with that of the Sun, ex- 


gh - þ 


a5 


Erg., G. Or, by fblinuing the Vale | 


* 


— 2 04+ 03088 -ADS 


of 5 and 4. 2 £3 i . 


2 a® 


58. KY hotels en ind goat: and 
les than 270, then ge==z=y — 2 ＋.— + 


2 a® 


Er, Er, This Series expredies the Arch QN is Parts, where 


and Parts of a Degree, ſay, As Radius (1) is to this Series ()), 
ſo is the Radial Arch 57 29578 (RN to QN = y in Degrees; 


, 3 R Re 
PIPER GOIN — 12 * e. 


59. Now the very firſt Term of this Series 4 hb f 
cient to determine the Anomaly of the Eccentricity in almoſt 
all the Planets nearly enough ; for in the Earth's Orbit, where 

Cs :: 1: 0,01691, the Error is only a 10000 Part of 
Degree. 3 rg een AGE 2024 


_—_— 
CS=g=.8.228144 
nad Reis of the — of AN = e= 30* = 9.698970 
The Log. of Radial Arch R = 57%,295 = 1.758122 
gexR, orRz = 9.685236 
«=1+/e = 0.006314 


—— 


«a Xt dt ws ˙ = 


3 pts 


There remains the Log. of — Y = 0,4774 = 9.67892: 


Int 0, 774 Pars of « Degree ar to 28/ there- 
| ANG N = 30* 28 N 


preſs d 
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pteſs d by the outmoſt Circle of the Scheme 
(CXLT). 


or Angle ACQ, the eceentric Anomaly. In the Triangle 
QCS, having two Sides QC and CS, and the included An- 
gle given, we find the Angle CSQ = 29? 3 7", | 
60. Now making 2CS = SH Radius, we have QH : 
PH (:: CE (= AC) : CD) :: Tangent of AS 1 
of ASP = 29? 2/ 54”, the equated or co-equat omaly 
required, And that this is ſufficiently near the Truth, let us 


ſee the Valae of the ſecond Tormof the Series whe; Rt; 


24 

Thus, the Logarithm of - == 7.920800 

* * " 1 
The Product is the Logarithm of —; | = 8.847600 
Add the Logarithm of == = 9.678922 
— 2*- — 

8 | PER = [5.520522 
Subduct the Logarithm of 2 = 0.301030 


The Logarithm of the ſecond Term ==; = .5.219498 


To which Logarithm anſwers the Number 0,000016, or the 


T525505 Part of a Degree; too ſmall to be regarded, And 


Re? 1 
—= will determine the Value of y to more than any neceſ. 


243 


ſary Degree of Exactneſß. 


(CXLI) 1. The Oxxery (though a modern Name) has 
ſomewhat of Obſcurity in reſpect of its Origin, or Etymolo- 
gy ; ſome Perſons deriving it from a Greek Word which im- 
ports to /ee or vicav, becauſe in it the Motions of the Hea- 
venly Bodies are all repreſented to the View, or made evi- 
dent by Inſpection: But others ſay that Sir Richard Steele ſirſt 


gave this Name to an Inſtrument of this Sort, which was 


made by Mr. Rewlo for the ate Earl of Oh, and ſhew'd 


in the Orbit of Mars and Mercury the two in Terms == —» 
| ” 
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Variety 6f Seaſons, the Viciſſitudes and various 


elegant Structure, the Earib in its annual Motio ‚ | 


A$STRONOM Y. 

Tux principal Uſe of the Orrery is to rende: 
the Theory of the Earth and the Moon eaſy andi 
intelligible ; and to evidence to our Senſes ho 
all thoſe Appearances happen, which depend oi 
the annual or diurnal Rotation of the Earth, au 
the monthly Revolutions of the Moon: As, th: 


Lengths of Days and Nights, the Manner of So 
lar and Lunar Eclipſes, the various Phaſes of te 
Moon, Sc. x = 

In my Orrery, which is of a peculiar and mol 


paſſes round by a Circle, on which is engraved ii 
Calendar, and the Ecliptic; and the Plate whic Wi 
carries the Earth about has an Index on the op Wil 
polite Part from the Earth, to ſhew the apparen 


only the Movement of one or two of the Heavenly Bodi 
From hence many People have imagined that this Mach 
owed its Invention to that Noble Lord. J 
2. But the Invention of ſuch Machines as we now ql 
OrrERrLEs, and PLaANETARIUMS, is of a much earlier Dat. 
The firſt we have any Mention of is that of Archimedes, ge. 
nerally call d Archimedes's SpHERE ; though it was more tha Wl 
what we par I 7 ro 2 which is an Inſtrumen Wa 
conſiſting only of and {mall Circles artfull together; WH 
but this SS Foot of Archimedes was of 4 com · 
Nature, and conſiſted of a Sphere, not of Circles, bu 
of an hollow globular Surface of Glaſs, within which wi 
Piece of Mechaniſm to exhibit the Motions of the Moon, the 
Sun, and the Five Planets. This Cicero aſſerts in his Ta/a- i 
las Se., | | 
3. But the moſt copious and accurate Deſcription of tht 
Sphere is that of Claudian, in Latin Verſe. Thus the Port 
for | 
Japiter in parus cum cerneret æthera vitres, 
Rifit, & ad Superos talia difta dedit. 
| Huccine mortalis progreſſa potentia cure ? 
Jam meus in fragili luditur orbe labor, 


ee eren e 8 


* 
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Place of the Sun in the Ecliptic, for every Day of 
the Year; and one Turn of the Winch carries the 
Earth once round its Axis, and the ſaid Index over 
the Space of one Day in the Calendar : So that 
by this means the true Place of the Earth, and 
the apparent Place of the Sun, alſo the Place and 
Phaſes of the Moon, may be readily ſhewn for 


any Day required. | | 

T at Orrery-Part, containing the HÞeel-IWork, 
ss placed within a large and moſt beautiful AXMII- 
l | WT Lazy SPHERE, Which turns about upon its Axis. 
with a fairly-engraved and filver'd Horizon, 
which is alſo moveable every way upon a moſt e- 
eegant Braſs Supporter, with four Legs richly 
HT wrought ; at the Bottom of which is a noble large 
(RS ilver'd Plate, with a Box and NetDLE, and 


Jura poli, rerumque fidem, legeſque Deorum, 
Ecce Syracufius tranſtulit arte ſenex. 
Incluſus variis famulatur ſpiritus aſtris, 
Et wivum certis motibus urget opus. 
Percurrit proprium mentitus Signifer annum, 
Et fimulata novo Cynthia gienſe redit. 
FJamque ſuum volvens audax induftria mundum 
Gaudet, & humand fidera mente regit. 
Quid falſe inſontem tonitru Salmonea miror ? 
LE mula Nature parva riperta manus. 

4 This Machine appears from hence to have been ſuffi- 
ciently grand and univerſal, as comprehending all the Hea- 
venly Bodies, and exhibiting all their proper Motions 3 which 
1s all that can be faid of our common modern Orreries. T 
true, this Orrery of Archimed:s was contrived to repreſent the 
Ptolomaic Syſtem ; but the Mechaniſm and Nature of the In- 
ſtrument is the ſame, whether the Syſtem of Prolomy, or C- 
hernicur, or any other be repreſented by it. 

5- The next Orrery we haye any Mention of is that of 
Pofidonius the Stoic, in Ciceros Time, 80 Years before our 
Saviour's Birth: Concerning which the Orator, in his Book 
De Nat. Deorum, has the following Paſſage.— Quid / im Scy- 


: CoMPass, 
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Cour Ass, with the Names of all the Point! 
finely engraven in Words at Length. The Cir- 
cles of the Sphere are as follow. 

TRE EqQuvinocTIAL, which divides the 
Sphere into two Parts, viz. the Northern and the 
Southern Hemiſphere; and is fo call'd, becauſe 
when the Sun comes to paſs over it, (as it does 
twice every Year) the Days and Nights are then 
equal. This Circle is divided into 360 Degrees, 
calPd the Right Aſcenſion of the Sun or Stars. 

Taz EcLiPTiIc is that great Circle which 
repreſents the apparent annual Path of the Sun 
through the Heavens. It is divided into 12 equal 
Parts call'd Signs, conſiſting of 30 Degrees each; 
whoſe Names and Chara#ers are as follows: 
1. Aries, the Ram, Y ; 2. Taurus, the Bull u; 


thiam, aut in Britatmiam, Spheram aliquis tulerit hanc, quan 

anger familiar tr fc Pofedonius, — amanda 
dem efficiunt in Sole, & in Luna, & in quingue Stellis erran- 
— quod efficitur 1 


yy Scythia or Britain, — — 
* tions of the Sun, Moon, and Five Planets were the ſame 


3 as in the Heavens each Day and Nig ht, who in thoſe bar- 


*« barous Countries could doubt of is being finiſh'd (not to 


Law Gandhi) King of 


; in which 
it Machinam Mundo 


lum geflabile— Rerum Cn. 
3. C. 
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3. Gemini, the Twins, 1; 4. Cancer, the Crab, s ; 


5. Leo, the Lion, &; 6, Virgo, the Virgin, &; 


7. Libra, the Scales, &; 8. Scorpio, the Scor- 
pion, m; 9. Sagittarius, the Bowman, ; 


10. Capricorn, the horned Goat, yp; II. Aqua- 


rius, the Waterer, ; 12. Piſces, the Fiſhes, &. 
The Ecliptic interſects the Eguinoctial in the Be- 
ginning of Aries and Libra, in an Angle of 23 
Degrees, 29 Minutes. In this Circle the Longi- 
tude of the heavenly Bodies is reckon'd. The 
Ecliptic is the Middle of 
Taz Zoviac, which is a broad filver'd 


Zone, encompaſſing the Sphere to five Degrees 
on each Side the Ecliptic ; fo call'd from the Fi- 


gures of the ſeveral Animals, or Conſtellations of 
the Signs, with which it is adorned and embelliſh'd. 


pendium ; that is, a Machine pregnant with the Univerſe, —a 
portable Heaven, —a Compendium of all Things. What more 
can be ſaid of our Orreries ? 

7. After this ſacceeded a long Interval of Barbariſm and 
Ignorance, which ſo deluged the Literary World, that we 
find no Inſtances of Mechaniſm of any Note till the Sixteenth 
Century, when the Sciences began again to revive, and the 
Mechanical Arts to flouriſh. Accordingly we meet with ma- 
ny Pieces of curious Workmanſhip about this Time ; and in 
the Aſtronomical Way particularly is the ſtately Clock in his 
Majeſty's Palace at Hampton-Court, made in Henry the Eighth's 
Time, J. D. 1540, by one N. O. This ſhews not only the 
Hour of the Day, but the Motion of the Sun and the Moon 
through all the Signs of the Zodiac, with other Matters de- 
are Lops, and is therefore to be eſteem'd a Piece of 

- Work. | 

8. Such another is mention'd by Hey/in at the Cathedral 
Church of Landen in Denmark ; but the moſt conſiderable at 
this Time is that Piece of Clock-Work in the Cathedral of 
Straſburg in Alſace ; in which, beſides the Clock-Part, is the 
Celeſtial Globe or Sphere, with the Motions of the. Sun, 
Moon, Planets, and Fix'd Stars, &c. It was finiſh'd - = 

IS 18 
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upon any Meridian, it makes the Meridies, Mid- 
Day, or Noon, to all Places under it. Of theſe, 
there is one call'd 
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This Zone comprehends within it the Patbs of 
Orbits of all the Planets. 

Taz MEriDian is a great Circle paſſing 
through the Poles, and cutting the Equinactial at 
Right Angles z ſo call'd, becauſe when the Sun is 


CC Og , CEP TY T7 


Taz Gentral MERIDIAN, within 
which the whole Sphere turns, and upon which 
are engraven the Degrees of Latitude, beginning 
and proceeding each way from the Equinoctial to 
the Poles. To this Circle the Sphere is ſuſpend- 
ed ; and being moveable within the Horizon, the 


Sphere may be elevated or rect iſed for the Latitude 
of any Place. 
Year 1574, cn 
Lyons, D Part. 
Þ 9. About the Beginning of the Seventeenth Century this 
Sort of Mackhaniſe Dogan to be greatly in Vague; 2 
and Orreries were now no uncommon Things 2 
H The large 
one made in London by Mr. Rowley was purchaſed by King 
George I. at the Price of 1000 Guineas ; nor has any of that 
Sort, which contains all the Movements of Primaries 
and Secondarie been ſold for leſs than 3004. at any Time 
10. There have been various Forms invented for this no- 
ble Inſtrument, two of which have principally obtain'd, iz. 
the Hemiſdberical Orrery, and the Whole Shree: though the 
Orrery at firſt was made without any Sphere, and with only 
the Sun and the Earth and Moon revolving about it; but this 
was too imperfect a State, and they ſoon to inveſt it, 
ſome with a Half-Sphere, ſome with a Whole or Compleat 


* 
11. The Hemi erical Orrery has been made in greater 
Number than any other, on nt of ther being mad 


Tus 
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Taz HoRIZ ox is that broad filver'd Frame; 


or Circle, which contains the whole Machine, 
moveable every way within it. It is fo call'd be- 


cauſe it bounds our Sight in the Heavens, and di- 


vides the Sphere into the upper and lower Hemi- 
ſihere. Upon this Circle are curiouſly engraven 


the Ecliptic Signs and the Calendar, for readily. 


finding the Sun's Place for any given Day or 
Time. On this Circle is alſo reckon'd the Am- 
Plitude of the Sun, &c. : 

Taz Points where the Ecliptic interſects 12 
Equinoctial are call d the Equin:ial Points, or 
Equixoxts, becauſe when the Sun is in them, 
the Days and Nights are equal. "As the Sun is in 
one of them in the Spring, it is call'd the Vernal 


much cheaper and eaſier than thoſe in a Sphere of the ſame 
Size ; there being a vaſt Difference between placing an Henii- 
e on the Box of an Orrery, and diſpofing an Orrery in a 

e movealle Sphere, But then the Idea given. us by the 
former is very 5 and imperfe& ; and tis ſurprizing to 
think they ſhould have ſach a Run as they had, Mr. Veigbe 
having made between forty and fifty of that Sort ſince the 
Death of Mr. his Maſter. And though I incline to 
think few more of that Form will be made, yet as they have 
had ſo great a Name, I have thought proper to give the 
Reader a View of one in a Print. 

12. This ill judged and erroneous Form of an Orrery had 
this Böen with thoſe who knew the Nature of ſych Machines 
very well, that ſome applied themſelves to conſtruct Orreries 
ina Compleat Sphere, others invented ſuch Inſtruments as 
ſerved to exhibit the Motions of the Heavenly Bodies ſepa- 
rately, which they accordingly call'd PLanzgTazuUns, Lu- 
NaRIUMs, Cc. and others declared againſt all Orreries in 
e A talſe Ideas of the Syltem of the World, 

y as 


Magnitudes and Diſtances of the Heavenly | 


Nee 


portions, * 
ig. But they muſt be ſuppoſed.co reaſon very weakly, whs 
Vor. II. A a © Equinox 4 
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Equinox ; and in the other at Autumn, it is call'd 
the Autumnal Equinox. 

Taz Beginning of Cancer and Capricorn are 
call'd the Sofftitial Points, or the SoLsTICEs; 
which is as much as to ſay, tbe Stations of the 
Sun, becauſe when the Sun is in thoſe Points, he 
ſeems ſtationary, or not to move for ſome Days: 
The firſt is the Summer, the other the Winter 
Solftice. 

Tur Meridians which paſs through the Points 
aBBye-mention'd are call'd the Equinoctial and 
Solftitial CoLurts reſpectively. They divide 
the Sphere into four Quarters, in the Middle of 
the four Seaſons of the Tear. 

Tus Leſſer Circles of the Sphere are the Tro- 
Pics and Pol AR CircLEs ; which are all Parallel 


objef an inconfderable Deficiency in any Inftrument, againſt 
its moſt important Uſes. ne. 
becauſe an abſolute Facuzm was impoſſible by it; or the Uſe 
of a Teleſcope, becauſe we cannot ſee the Inhabitants of the 
Planets. And on the other hand, to repreſent the Solar Syſtem 
by Parts, or in a piece-meal Manner, is is little leſs than mangling 
re olo- 


The „ a Scheme therefore of Dr. D. . 


ble 
che Armilary Sher I mean that Motion of the Earth by 
þ the Poles of the World revolve about the Poles of 
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ASTRONOMY: 
to the Equinoctial, and are two on either Side. | 
The Northern Tropic is that of Cancer; the | 


Soutbern, that of Capricorn; as paſſing thro” the Be- 
ginning of thoſe Signs. They are diſtant from the 
Equinoctial 23 Degrees, 29 Minutes, and include 
that Space or Part of the Sphere which is call'd 
the Torrid Zone on the Terreſtrial Globe; becauſe 
the Sun is at one Time or other perpendicular ovet 
every Part, and extremely torrifies or heats it. 
Wir nix 23 Deg: 29 Min. of each Pole lie the 
Polar Circles; of which that about the North Pole 
is call'd the Artie Circle, becauſe of the Conſtel - 
lation of the Bear in that Part; and the other a- 
bout the South Pole, the Antarfic Circle. They 
include thoſe Spaces which are eall'd the Frigid 
Zones, by reaſon of the intenſe Cold which reigns 


— 
— — 2222. — ——— — — — 


follows. Let DC H be a Part of the Farth's Orbit, C its Plats 
Center, EC the Axis of the Ecliptic, E its Pole, CP the LXVI. 
Axis of the Earth, P its Pole; through the Points E and P Fig. 1: 
draw the great Circle EPA, meeting the Ecliptic AL in A; 

the Arch PA meaſures the Inclination of the Axis of the 

Earth to the Plane of the Ecliptic, <iz. the Angle PCH,. 

which is found by Obſervation to be about 66“ 3o/, and 
therefo:e its Complemental Arch EP or the Angle PCE = 

23* 30“. | | 

16 Through the Pole P from the Point E deſcribe a leſſer 

Circle PEG, which will be parallel to the Ecliptic ; then if 
the Axis of the Earth be directed at any 8 
P, it is found by Obſervations of many Years, that it wi | 
not be conſtantly directed to the Point P in the Heavens, but | | 
= 5 72 Vears time be directed nf oy ON Point Q, (d | | 
nat the Arch PQ'== 1 Degree; therefore in the Space A 
of 360 x 72 * * Years, the Point P or Pole of the 
World will deſcribe the Circle PFG about the Pole of the | 
Ecliptic E, which Revolution is call'd the Great Year. — 
17. The Cauſe of this Conical Motion. of the Earth's Axis | 
vas unknown to all the Aſtronomers and Philoſophers be fort 

dir Haar Newton's Time, none of them being able to pie 
12A. / A 2 2 | 1 
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in thoſe Regions the greateſt Part of the Year 
Thoſe Spaces which he between the Tropics and 
Polar Circles, on either Side, are call'd the Ten- 
perate Zones, as enjoying a mean or moderate De- 
gree of Heat and Cold. 

Tus Circles above are eſſential to the Sphere; 
beſides which there is the Quadrant of Altitude, 
ſor ſnewing the Height of any Luminary above the 
Horizon; and a large and moſt beautiful Ho- 
rary Circle and Index, ſhewing the Time corre- 
ſponding to the Motion of the Sphere: Alſo the 


+ Selar Label, for fixing the Sun to its proper Place 


in the Ecliptic. ü 

Ir is eaſy to concerve, that the Sun will always 
enlighten one Half of the Earth; and that when 
the Sun is in the Equinoctial, , the Circle which 


from whence it could proceed: But this divine Geometer ſoon 
inveſtigated the Cauſe thereof, and demonſtrated it to reſult 
from the Laws of Motion and Gravity, that is, from the 
Spheroiaical Figure of the Earth ; for were the Earth a per- 
fe&t Globe, its Axis would always remain parallel to itſelf, 
and have no ſuch Motion. See the Principia. 

18. From this Motion of the Earth's Axis follow ſeveral 
remarkable Phznomena; as Firſt, a conflant Change of the 
Pale-Star ; for tis evident, if any Star ſhould chance to co- 
incide with the Pole P at any time, it will after 72 Years be 
left at the Diſtance Q, or one Degree Weſtward, and the 
Star at Q becomes then the North Pole-Star. 

19. Secondly, The preſent Polar Star will in time be on the 
South Part of our Meridian; that is, the Star, which ſup⸗ 
2 at preſent at P, will after 12960 Years be at G, which 
being 47 Degrees (in the Arch of a great Circle) diſtant from 
P, wil be on the South Part of the Meridian of London, 
which ſuppoſe on the Earth's Surface at h. For if TR be 
the Equator, then the Latitude of London Th = 51* 30, 
and its Complement % = 38* 30/; therefore gp — 0 = 
$7” — 38? 30 = 8” 30/ = gb, the Diſtance of the preſent 
North Star towards the South at that Time. Tt 


* 
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terminates the enlighten'd and darken'd Hemiſpheres 
{which is call'd the Circle of Illumination) will paſs 
thro' the Poles of the Earth, and alſo divide all 
the Parallels of | Latitude into two equal Parts, 
But fince the Earth moves not in the Plane of the 
Equino#ial, but that of the Ecliptic, the Axis of 
the Earth will be inclined to that of the Ecliptic 
in an Angle of 23 Degrees 29 Minutes; and 
therefore the Circle of Illumination will, at all o- 
ther Times, divide the Parallels of Latitude into 
two unequal Parts. FO 
Nov ſince any Parallel is the Path or T 
which any Place therein deſcribes in one Revolu- 
tion of the Earth, or 24 Hours; therefore that 
Part of the Parallel which lies in the enlighten'd 
Hemiſphere will repreſent the Diurnal Arch, or 


20. Thirdly, The Circle EPA paſſing through both the 
Pole of the Ecliptic and Equator will be the So//titial Calure, 
and A the So//itial Point, when the Axis of the Earth points 
to P; but after 72 Years, when it points to Q, then the 
great Circle EQ B will be the So//itial Colure, and B the Sol- 
ice, for the ſame Reaſon. And hence alſo the Fquine#ial 
Paints (which are always go Degrees diſtant from the So/ftices) 
muſt move in the ſame Time through the ſame Arch, the 
fame Way, wiz. Weſtward: 

21. Fourthly, Hence tis evident, all the Points of the 
Ecliptic do move backwards, or Weſtwards, through one De- 
gree every 72 Years; which Motion is ſaid to be in Antece- 
dentia, and is contrary to the Order of the Signs: As the 
other Motion, by which the Planets are carried round the 
Sun, is ſaid to be in Conſequentia, or according to the Order 
of the Signs, wiz. from Aries ꝙ to Taurus , Gemini U, Cc. 
And this retrograde Moton of the Equinoctial Points is call'd 
the Receſſion of the Equinoxes. | 
22. Fifthly, This Receſſion of the Equinoctial Points, and 
indeed of the whole Ecliptic, is the Cauſe of the flow appa- 
rent Motion of the Fix'd Stars forwards ; for fince the 1 
ral Circles of Longitude by which they are referr'd to the 
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Length of the Day; and that Part in tbe dark fle 
miſpbere will be the Nocturnal Arch, or Tan 
the Night, in that Parallel of Latitule. 
- Hence, when the Orrery is put into Motion, 
the Earth moving with its Axis always parallel iu 
itſelf, yet always inclined to. the Plane of the Eclip- 
tic, will ſometimes have the Npribern Parts turn'd 
more directly to the Sun, and moſt enlighten'd; 
and at other times the Southern Parts will be ſo, 
Hence various Alterations of Heat and Cald, and 
Length of Days and Nights, will enſue in the 
Courſe of the Revolution of the Earth about the 
Sun, which will conſtitute all the Variety of Sea. 
fons, a- will moſt naturally and evidently be ſhown 
jo the Orrery, as en —_— fl. | 


Ecliptic are 8 ſhifeing 8 the "ih which 

immoveable, myſt with reſpect to thoſe Circles have their 
Didance, that is, their Longitude, conſtancly increafing from 
the firſt Point of Aries. Thus all the Conſtellations do conti - 
nually change their Places at the Rate aforeſaid: The bright 
Star of Aries, for Inſtance, which in Hipparchui's Time was 
near the Vernal Equinox, is now removed near a whole Sign 
or 30* Eaſtward, and is in the Beginning of Taurus B, and 
Taurus is got into Gemini ; and thus all the Conkellations 
of the Zodiac have changed their 2 _ pofleis' 2. 
Signs from what they formerly did. 


un Though theſe Things are 5 ie "10/4 We 
who has his Eye on an Orrery, ws kb: 00 Hinds thd 
of the Nature and Manner of the Seaſons, and the 
ariety of Day and Night, yet Ideas of this Sort are not ſa 
= os} ory arg dug by mere Reading and Cogitation only, un 
aſſiſted by a proper Diagram or Repreſematio ; whit 
therefore I ſhall here ſubjoin and 
2, Let S be the Sun, ABCDthe Of;z Mage, or annual 
Path of the Earth about the Sun. In this Orbit the Earth 


iz repreſented in eur ſeveral Poſitions, in the midſt of the 
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We will firſt give the Earth Motion in the firſt 
Point of Libra; the Sun will then appear to en- 
ter Aries, and this will be the Vernal Equinox; 
for now, the Sun being in the Equinottial, all Parts 
of the Earth will be equally enlighten'd from Pole 
to Pole, and all the Parallels of Latitude divided 
into two equal Parts by the Circle of Illumination. 
Hence the Days and Nights will be equal, and 
the Sun's Heat is now at a Mean between the 


four Seaſons reſpectively. On the Earth are drawn the ſe- 
veral Circles and Lines as follow. 

ACQ The Equator. 

TOR The Tropic of Cancer. 

PML The Tropic of corn. 

abe The N doth Ae Ts Arctic Circle. 

def The South Polar or Autarctic Circle, 

EGD The Parallel of London. 

NCS The Earth's Axis. 

aCf The Axis of the Ecliptic Plane. 

3. As the Sun is ſuppoſed to be at ſo great a Diſtance, that 
the Rays coming from it do arrive at the Earth nearly 1 
ll, they will 9 illuminate very nearly one of 
the Globe of the Earth, abſtracting from the Refraction of 
the Air. And if we are ſuppoſed to view the Earth eircu- 
lating about the Sun at a very great Diſtance in the Poſitions 
repreſented in the Scheme, we ſhall have all the enlighten'd 
Part turn'd to the Eye on the Equinoctial Day in the Spring, 
but on that in the Autumn we ſee only the dark Part; as on 
the Summer and Winter Solftices we ſee only half the light 
and dark Hemiſpheres reſpectively: And accordingly the 
Earth is thus repreſented in the Figure. | | 

4. Bat (as I find by Experience) the beſt Way to convey 
an Idea of the Seaſons, and Day and Night, is to repreſent 
the Earth alſo in Poſitions exhibiting the viſible Hemiſphere 
equally divided into the light and dark Parts, or ſemicircular 
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Areas, as in the next Plate; and to compare theſe both to- Pl. LXI. 


gether in the Deſcription. To begin therefore with the Si- 

tuation of the Earth in the Spring and Autumn. 
5. In either of theſe Caſes, tis evident the Sun is in the 

Plane of the Equator E Q. and therefore equally diſtant from 


each Pole of the World; "conſequently the Circle of Llumi- Fig. 2. 
reateſt 


Aa 4 5 


1. LX. 


LX. 
Fig: 1. 


upon it, an de R. The Circle of Jlumipation 28 
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greateſt and the leaſt : All which Particulars con- 


ſtitute that agreeable Seaſon we call the Str RING; 


the Middle of which is ſhewn by the Index to be 
the 11th of March. 

As the Earth paſſes on from Weſt to Eaſt, 
through Libra, Scorpio, and Sagittarius, to the 
Beginning of Capricorn, the Sun will appear from 
the Earth to move through the oppoſite Signs of 
the Ecliptic, viz. Aries, Taurus, Gemini, to the 


nation will paſs through both the Poles, N. 8; and therefore 
every Place at an equal Diſtance on either Side will have an 
equal Degree of the Sun's Light and Heat. And as the 
Earth revolves upon its Axis, every Place muſt deſcribe a 
Circle parallel to the Equator, one Half of which will be in 
the /ight, the other Half in the dark Hemiſphere ;. and as 
Parts of the Circle meaſure the Day and Night, it is plain 
they muſt then be equal. Thus in the Equator, the Diurnal 
Arch QC is equal to the Nocturnal Arch CA; in the Tro- 
pics RO and LM are equal to OT and MP; in the Lati- 
tude of England the Day EG is equal to the Night GD ; and 
in all other Parts. ' ; = 
6. Hence, by the way, we may obſerve, that had the Sun 
always moved in the Equator, there could have been no Di- 
verſity of Day and Night, and but oze Seaſon of the Year for 
ever to all the Inhabitants of the Earth. No Alteration of 
_ or Cold, ſo agreeable now both to the Torrid and the 
rozen Zones; but the ſame uniform eternal Round of un- 
variable Sups had been our uncomfortable Lot, every way 
contrary to that Diſpoſition we find all Mankind form'd with, 
of being delighted and charm d with Variety to an extreme 
: The Obliquity of the Ecliptic is therefore not to 
be look'd upon as a Matter of C or Indifferency, but 
an Inſtance of Wiſdom and Deſign in the adorable Author of 
Nature, who does nothing in vain. | 
7. If we conſider the Earth moving on in its Orbit, with 
its Axis NS always parallel to ſelf till it comes into the 
Summer Situation, we ſhall there ſee, that by this Pazallebim 
of the” Axis all the Northern Parts. of the Earth will be 
brought towards the Sun, which will in this Caſe be in the 
Plane of the Northern Tropic, and his Rays ndicular 
f wil now 
Begin- 
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Beginning of Cancer; during which Time, by the 
inclined Poſition of the Earth's Axis, the Northern 


Parts will be gradually turn'd towards the Sun, 


and the Southern Parts from it, whence the Sun's 
Rays will fall more and more directly on the 
former, and paſs through a ſtill leſs Quantity of 
the Atmoſphere; but in the Southern Parts, the 
reverſe. Alſo in the Northern Parts the Arches 
of the Parallels in the eligbten d Hemiſphere will 


be in ſuch a Site, as to include the North Pole arid all about 
it to the Diſtance NA = 23? 3o/; and on the contrary to 
exclude the South Pole S, and Southem Regions to the ſame 
Diſtance Sf. The Northern Climates muſt therefore now 
have their Sammer, and the Southern Climates their Wizter ; 
as will appear more particularly if we conſider, | 

8. Fir, The Syn-Beams fall more perpendicularly upon 
any Northern Parallel than upon the ſame Southern Paral- 
lel, and have therefore a ſhorter Paſſage through the Atmo- 
ſphere, Thus, for Inſtance, in the Parallel of England E, 
let the Rays i E, 4g, be incident on the Atmoſphere mr in 5 
and /; then will their Paſſage 5 E, Ig. be ſhorter" than it 
would be in the ſame Latitude Southwards, and therefore will 
not be ſo much refracted, blended, and -abforb'd ;- and con- 
ſequently their Effect will be more conſiderable and ſenſible. 
Again, as Rays are more perpendicular, they will ſtrike with 
a greater Force; alſo the more will fall on a given Spaces 
on both which Accounts their Effect, in reſpect of Light and 
Heat, will-be greater. | 

9. Secondly, As the Earth revolves about its Axis, every 
pres in North Latitude will deſcribe a greater Part of its 
Farallel in the enlighten'd than in the dark Hemiſphere z or, 
in other Words, the Day will be longer than the Night. Thus 
in the Northern Tropic the Diurnal Arch is R Y, the NoQur- 
nal YT, which is leſs than the other by the Difference V O. 
Again, in the Parallel of London the of Day is ſhewn 
by the Arch E Z, of the Night by Z P, which is ſhorter 


than the Day by the Difference GZ. And laſtly, at the Po- 


lar Circle cha it is all Day, no Part of that Parallel lying 
within the dark Hemiſphere a Ef. On which Account it is 
frident the Light and Heat of the Sun is greater in any Place 
ef North Latitude now than at any other Time of the Year. 


cont- 
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thing will be the reverſe, and their Seaſon Winter, 


equal to the Length of the Nights then, and wite vrrſa u 
BZ DZ, the Night in the Summer 'Seaſon ; and th! 


--42.; Thus the Vicifitodes und Vurlety of the Seaſons,” 1 
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continually increaſe, and thoſe in the dark on: 
decreaſe, ſhewing the conſtant Increaſe of the 
Days, and Decreaſe of the Nights: All which 
will be in their greateſt Degree when the Sun j 
arrived to Cancer; and therefore that will be th 
Middle of that Seaſon we call SuuuER, in Nor. 
tbern Latitude; but in ' Southern Latitude ever 


Tus North Frigid Zons is now wholly er 


It is therefore now the Midſt of the Summer Seaſon in 4 
the Northern Climates. LET | | 
- 10. Iu the Southern Part of the World it is Winter, ſu 
the ſame Reaſons reverſed, vi. becauſe the Sun's Rays fil 
more obliquely there; they therefore -paſs through a greatr 
tity of the Armoſphere, on which account they are mor 
„ blunted, and fifled, and their Effect weaken d 
Alſo a leſs Quantity of the Solar Rays will fall on a give 
Space, and each Ray ſtrike with a lefs Force. And laſih, 
the Duration of their Preſence will be ſhorter than that « 
their Abſence, or the Day will be ſhorter than the Night; 
in the Southern Tropic the Day is LX, but the Night XI, 
longer by the Difference MX, which Difference is ſtil! 
the farther you go, till you come to the Antar#ic Circle det 
where there is no Day at all, and all within to the Sout 
Pole 8 is involved in Night, of greater or leſs Duration. 
11. For the ſame Reaſons,” when the Earth arrives to tit 
Part of its Orbit, it will be Suu to all the Sor- 
thern Climates, and WIx TER in the Northern. It is eviden 
this muſt neceflarily happen by the Parulleliſm of the Earth! 
Axis, and the Change of her Place in the Orbit: By which 
means the Sun now illumines that very Half of the Globe 
which in the other Poſition was dur; and whence it follow, 
that in all North Latitudes the Length of the Days wow 2t 


South Latitudes. Thus the Day {im the Farallef of 'Eng/on) 


Night now, . ZD = ZE,” the Hay at that Time. Al 
which "Things are too plain from the Schemes to want farthe! 


of Day ant Night, uppear in general; but to exhibir the ſame 
f 1140 lighten'd, 
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One lighten d, and the Pole turn'd towards the Sun 
the as far as poſſible; but now as the Earth moves 
ic on, the North Pole returns, the Diurnal Arches 
1; WE begin gradually to decreaſe, and the Nocturnal 
to increaſe; and of conſequence the Sun's Rays 
„fall more and more obliquely, and his Heat pro- 
en portionally diminiſhestill the Earth comes to Aries, 
„ When the Sun will appear in Libra; and thus 
„produce an Equality of Light and Heat, of Day 


ſame Poſition with reſpect to that Place, as the Earth itſelf 
has. Thus let ANQS be the Earth; Z will be the higheſt 
Point, or Place of Londom; HO the Horizon, and N the 
loweſt Point of Antipoden; and Æ Q the Equator, TR and 
PL the two Tropics, a e and df the two Polar Circles, as 
before | 


13. Then when the Sun is in the Plane of the Equator at e, 
the Semi d urnal Arch, or half the Length of the Day, will 
be repreſented by EC; and that of the Night by C 
which is equal to the former. In this Caſe the Angle Ch, 
which meaſures the Altitude of the Sun above the i 
50, is 38% 30 = he. ee 

14. Again: When the San is in the Tropic TR, and con- 
ſequently neareſt to the Zenith of London, the Semi. diurnal 
Arch is then TI. which is longer than the former in the Pro- 
portion of the m_ NC = 6 Hours, to the ob- 
tuſe Angle ANF = 8 Hours 16 Minutes; NES being an 
Hour-Cirele- drawn through the Point I, and interſecting the 
Equator in E. The Semi nocturnal Arch is IR, and equal 
in Time to the Angle ENQ = 3 Hours 44 Minutes, the 
Complement of the other to 12 Hours. 

15. Laſtly: When the Sun appears in the Southern Tro- 
pic at P, and moſt remote from the Zenith of London, the 
Semi-diurnal Arch is then PK, equal to the Angle X&ND = 
3 Hours 44 Minutes nearly, equal to the Night when the 
dun was in the other Tropic ; and the Semi - nocturnal Arch 
K L at this Time is evidently” equal to the Semi-diurnal Arch 
T't at the oppoſite Time of the Year. 

16. Whenever the Sun comes upon the Line NS, 
ſenting the Hour-Circle of Six, it is then Six „ Chef, as 3t 
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in an eſpecial Manner for any particular Place, as Londen, an- Pl. LXII. 
—— is neceſſary, wherein the Sphere ſhall have the Pig. 1. 


38 
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and Night, to all Parts of the World. This will 
be the Middle of the Seaſon call'd AVT Ha, and 
that Day the Autumnal Equinox 

Bur as the Earth goes on through aims, Tau- 
rus, and Gemixi, you will ſee the Sun paſs through 
the oppoſite Signs of Libra, Scorpio, Sagittarius. 
The Nortb Pole is now in the dark Hemiſphere, 
and the Frigid Zone is now more and more ob- 
{cured therein: All Northern. Latitudes continue 


A in the Summer Tropic, before. Sun-ſet at I; and at B in 


the Winter Tropic, after Sun · ſet at K. Alſo when the Sun 


'* © comes, upon the, Line ZN, (which repreſents the Prine 


Vertical, of dzimuth of Eaf and Wl) it is then due Ef 
and W ef, Which happens at Y in the Northern Tropic, after 
Six in » Morning, and before Six in the Afternoon, and vice 
werſa at W in the Southern Tropic. 

17. It is found by Obſervation, that the Air is not abſo- 
lutely dark, eil che Sun is deprefs'd about 18 Degree: below 
the Horizon, wiz. at i, that is, till the Angle Ci = 18* = 
HM: and drawing MV parallel to the Horizon HO, it will 
repreſent the Circle at which the Crepauſeulam, or Din. 
ins and ends, in the ſeveral Points where it cuts the Paral 
Is of the Sun's tion, 2s at G in the Tropic Þ L, and 
wrt whe. But fince RO PH 15 Degrees, 
the Arch OR is leſs than OV, and ſo the Tropic TR wil 
not touch the Circle MV. at all; which ſhews that for ſome 
Time in the Middle of Summer there is no dark Night: And 
this happens between May 12 and July 11. See my Syxar- 
$1s SCIENTLZ# COELEST4s, on a large Imperial Sheet. 

- 18; Moreover it is evident that CF = KG, becauſe PL 
is parallel to EQ; the Time, | however, of deſcr CF 
and K G will EE from whence it — oy Fee 
is &ecrtain Parallel in which the Twilight will be the f of 
all, another in which it will be a Maximum or greatch. 
The former is when the Sun has 6* South Declination, 
wiz. in Libra & or Piſces N 17* zol, which happens Febru- 
te 22, and September 27, in the preſent Age: Fe tis plain 


Twilight i is greateſt of all in the Parallel Which touches 
Point V, on — 12 and July, 11, as aforeſaid, Note, 
Hon the Time of the leaſt Duration of Twilight is inveſti- 
eee, Gregory's Elemonys 
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As TRONO Mv. 381 
gradually turning from the Sun; and his Rays | 
fall more and more obliquely on them, and pafs | 
through a larger Body of the Atmoſphere : The 
woturnal Arches continue to increaſe, and the | 
diurnal to decreafe : All which contribute to make | 
the diſmal dreary Seaſon we call WinTzR ; the | 

| 


Midſt whereof is ſhewn by the Sun's entering the 
firſt Scruple of Capricorn on the 10th of Decem- 
ber, as by the Index may be ſeen. | 


of Aftronemy ; and I would have given it here, bat that it is 
very tedious, and in itſelf a Matter of little Importance, 

19. It is a Problem of much greater Conſequence and 
Curioſity, to determine the Ratio or Proportion of Heat which 
any Place receives from the Sun in any Day of the Year. In 
order to this it muſt be conſidered, that rhe Quantity of Htat 
will be as the Time, if we ſuppoſe the Sun to have the ſame 
Altitude; and as the Sine of the Altitude, if the Time be the 
fame. Therefore if neither the Time nor Sine of the Alti- 1 
tude be given, the Quantity of Heat will be as the Rectangle 1 
or Product of both. RT 2 | 

20. Therefore let a == Sine of the Latitude E; its } 
Co- ſine (or Sine of z N) ; the Sine of NS = c, and of '' 
its Complement (or Declination} SD'= 4; the Sine of the | 
Hour from Noon (or Angle AND) = x, its Arch AD= Plats 
z, and Radius = 1; then is V1 — xx = Co-fine of the LXVL 
Angle zNS, (viz. Sine of the Angle DN C) and (per Spbe- Fi 5. | 
ria we have bc V 1 — xx = ad = Sine of the Sun's ** 0 
Altitude SB; which multiplied by the Fluxion of the Arch = 
of Time = & will produce the Fluxion of the Sun's Heat, 


viz. & x be V1—x* = ad. Or, putting be = g, ® 
Vi—zx*=b, ad = f, we have the Fluxion of the Heat 


>. — Pe Dorey 
-_ LI - 


— 
21. Now to find the Value of , let AB= x, BE its 

sine, EC the. Co-fine, and Radius CB; and ſuppoſe FG Plate 
drawn infinitely near to EB, and BD parallel to AC; then Fir. 6. 
tis evident from the fimilar Triangles E BC and BDG, That © 
EC: BC: DG: GB, or b:1:: K x, whence = = | 
— ” 8 


* | — . Kn 
I. wherefore - x $0 = fm * == L = Fluxion of 
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LasTLY: As the Earth journeys on from 
thence through Cancer, Leo, and Virgo, the Sun Seal 


appears to paſs through Capricorn, Aquarius, and Wl Hhes 
Piſces; and all Things change their Face. The Poi. 
Northern Climes begin to return, and receive 
more directly the enlivening Beams of the Sun, 

whoſe Meridian Height does now each Day in- be 
creaſe ; the Days now lengthen, and the tedious If 
Nights contract their reſpective Arches; and e- 


the Heat, whoſe Fluent is xg == fs, which therefore is 2s 
the Quantity of Heat from Noon to the given Time, as re- 
22. From this Theorem we may calculate the Heat of 
any Day in the Year in any given Latitude required ; of which 
I ſhall give the ſeveral following uſeful Examples. Let it be 
required to. expreſs the Heat of an Equinc4ial Day under the 
Equater. In this Caſe the Latitude of the Place is Nothing, 
therefore a= © ; conſequently fz = dz = ©. In the other 
remaining Part xg = be, b=1, c = 1; therefore the 
Heat will be as x; and ſince the Semi-diurnal Arch is go De- 
grees, the Heat of the Half-Day will be as x== 1, and of 
the whole Day the Heat is as 2. 
23. Let the Heat of an Equinodtial Day be required for thi 
Latitude of 51* 30/ ;, then becauſe in this Caſe there is no De- 
clination of the Sun, 4 = o, and ſo adz = O. And ſince 
NS = 9go?, we have c = 1; and for the Semi- diurnal Arch 
= 90*, x = 1 alſo; therefore the Heat is as CASTS 
= Co-fine- of the Latitude, which for the whole Day is 
1,245, and which is to that under the Equinoctial as 15 to 2 
At the Pole b= o, therefore the Heat of an Equi- 
# noQtial Day at the Poles is Nothing, Laftly, in the Latitude 
of 60? the Heat of ſuch a Day is half that under the Equa- 
tor, or 1; becauſe then 6 = ; Radins, or o, f. | 
24. In the next Place, let us calculate the Heat of the Sum- 
mer Tropical Dey. Here we have the Time of + the Day 
$ Hours 12 Minutes nearly; therefore the Arch of che Equa- 
tor which paſſes the Meridian in that Time is 123* = x. And 
becauſe when Radius is 1 the Circomference is 6,28318, 


| 8 
therefore ſay, As 360: 6, 28318 1 


0,1745329 , the Length of the Arch x in * 
7 ve 
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very thing conſpires to advance the delightful 
Seaſon of the Spalxo, the Midſt whereof is 
ſhewn by the Earth's returning again to that 
Point, where firſt we gave it Motion. 

ALL theſe Appearances of the Seaſons, Sc. 
are ſhewn as well for the Southern Latitudes, 
where at the ſame Time they happen in Order 
juſt the reverſe to what we have now obſerved 
for the Northern, Thus, when it is Summer with 


z = 123* = 2.08990g 
0,01745 == .8.241795 
a = 51* 30 = 9.893544- 
d == 23* 300 = 9.600700 


Total, the Logarithm of adz == 0,6698 = 9.825944 
{ER the other Part of the Theorem, viz. æ c, 
ve 
The Logarithm of x = 57* o = 9.923591 
The Logarithm of b = 38* 300 = 9.794149 
The Logarithm of c == 66* zo/ = 9.962398 


Total, the Logarithm of abc = 0,4788 = 9.6801 38 


Therefore the Heat of half the Day is 0,6698 + 0,4788 = 
1,1486; and of the whole Day it is 2,2972, almoſt twice as 
great as that of the Equinoctial Day with us, and greater 
. of ſuch a Day to thoſe who live under the 

vator, horde 

26. To find the Expreſſion of the Winter Tropical Day, 
we have the Semi-diurnal Arch z = 57*, and the reſt the 
ſame as before. Therefore wy 


2 
we 


The Logarithm of z = 57*="1.755875 
The Logarithm of 0,01745 = 8.241795 | 
The Logarithm of 424 9.494244 


Total, the Logarithm of 44 = 0,3104 =-9:491914 
Then xbe = adz = 0,4788 — 0,3104 = 0,1684, and fo 
2 x 0,1684 = 0,3368 = Heat of the whole Day, which is 
almoſt 7 times leſs than that of the Summer Tropic. f 

27. The Sum of the Heat of the two Tropical Days is 
2,2972 + 0,3368 = 2,634 5 which is greater than the Heat 


us, 
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us, it is Winter with them, and they have tlicir 
Days ſhorteſt when ours are longeſt; and vice 
verſa, All which is moſt diſtinctly ſeen in the 


Orrery. 


Ar the ſame Time the Earth is going round 
the Sun, the Moon is ſeen conſtantly circulating 
round the Earth once in 29 Days and a half; 
which Days are number'd on a ſilver'd Circle, 
and ſhewn by an Index moving over them. Thus 


of two Equinoctial Days with us, which is but 2,49. Hence 
by means of the Obliquity of the Ecliptic, we who live be. 
yohd the Tropic have much more of the Sun's Heat than 
we could have enjoy d had the Sun moved always in the Equi. 
noctial. And on the other hand, it will be found by Calcu- 
lation, that for thoſe who live between the Tropics and the 
Equator, the Sum of the Heat of any two oppoſite Days of 
the Year is leſs than the Heat of two Equinoctial Days; and 
therefore the Heat of the whole Year is leſs in the preſent 
Caſe, it would be from a conſtant Equinoctial Sun. 

. 28. Laſtly, let it be required to calculate the Heat of 2 
Polar Day, or that under the Pole, for the Tropical Sun. In 
this Caſe 5=o, and xg = xbc=0; alſo a= 1. Whence 
the Heat of any Day under the Pole will be as 4, or Sine of 
Declination, becauſe æ is here always the ſame, wiz. a Semi- 
circle, ot 180 1 * And under the Pole the Value of 42 
is thus expreſſed for the Tropical Sun. 


0,01745 = 8.241795 


dz = 1,252 = 0.097767 


„ viz. under the Pole. 
9. 28 
i , or greateſt of all, in ven Da n or- 
der to ſdlve this, 15 the . Amer fas = "== Arch 
2 the Hour from Noon, & = Rectangle of the Sines of La- 
and Declination, and c = Rectangle E AEDT 
| eac 
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each Day of the Moon's Age, and the Phafis 
proper thereto, are ſhewn for any required Lime; 
and alſo why we ſee always one and the ſame Face 
of the Moon, viz, on account of her turning about 
ber own Axis th the ſame Time ſhe takes to revolve 
about the Earth. 

 Acain: By placing 4 Lamp in the Orrery, 
and making the Room dark, we ſee very natural- 
ly how the Sun is eclipſed by the New Moon, and 


Then (per Spherics and Infinite Series) we have the Co · ſinè 
of the Hour from Noon = 1 — 4z* + A2 —- ie. 
ind the Sine of the Sun's Altitude == c — e + £,ce* — 
11gcz*, Cc. + b. This inultiplied by a+ A is ac + cz— 
Tacx? — les ＋ ac! T Liens — ac — 


1,27, c. Sab+x#b; which therefore is —_— 
to the Sun's Heat. * this is greateſt when is Fluxion is 


equal to Nothing, viz. cz þ bz — aczZ — cx“ E ＋ 
zacx K TA — rxgact* x, Cc. = 0, Then divi- 
ding by , c+b— az — fes“ + act? ＋ Ac“ 
1 $ — A, — | 1 "AM. * 
ITU M „Ee. 2 03 whence ac = z+ oe | 6 2 


a 1 2 2 4 
—. {= , o- by reverting the Series we ha 
6 ann 82 A <P * 
z=A—rA* T- A555 —t x 
AL, &c. ons, be ; 
30: From this Theorem it will be eaſy to compute the 
Value of z, or the Time from Noon when the Heat is 
on any given Day. For Example: Let it be required for 
the Day of the Summer Solſtice in the Latitude of 51* 3o/, 
when the Declination is 23* 3o/. Then fince (by Arr. 24, 25.) 
we have «a = 2,146, 6 = 0,3121, c = 0,5709, 6+c = 


0,383, and ac==1,225 ; therefote T. = A == 277. 
| ac . . 
Whence by the three firſt Terms of the Series we ſhall have 


z* = A—rA* + 2rr = x A? = 0,7862. Therefore ſay, 
As the Circumference 6,283: 360˙ : 0,7862 : 45* nearly. 


You; II. Bb the 
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the Shadow paſſing over the Diſk of the Earth; 
and alſo how the Moon, at Full, is eclipſed by 
paſſing through the Shadow of the Earth. Here 
alſo we fee the Manner» how Mercury and Venus 
tranſit the Sun's Face in form of a dark round Spot ; 
and alſo why they can never appear at a great Di- 
ſtance from the Sun; and various other Pbæno- 
mena, of the like Nature (CX LIIH. 


Whence, by allowing 15 to an Hour, it appears that he hot- 
tñ Time of the Day is Three o Clock in the Afternoon. | 


(CXLIH) 1. The De&rine of Eciysxs is.next to be ex- 
plain'd. The Sun being a luminous Body, vaſtly larger than 


the Earth, will enlighten ſomewhat more than one Half of 


Pl. LXII. 
Fig. 2. 


it, and cauſe the Earth to project a long comcal Shadow, as 
A., ine apes, where 2.2 Sun, E the Earth, 
and HB D its Shadow. | | x 
2. In order to find the Extent or Magnitude of the Earth's 
Shadow, the Lines being drawn as in the Figure, in the Tri- 
angle SBM, the outward: Angle SDA DSB + DBS, 
the tuo inward and oppoſite Angles ; but the firſt, iz. DSB, 
is that under which the Earth's Semidiameter CD appears at 
the Sun, which is not ſenfible ; therefore DBS, the Semi- 
angle of the Cone, is equal to ADS, which is the Angle 
under which the Sun's Semidiameter AS appears at the Earth, 
which in its mean Diſtance is 16 Minutes. _ 
EL Hence we can find the Height of the ſhadowy Cone 
CB; for in the Right-angled Triangle CBD there is given 
the Swe CD=1, and the Angle CBD = 16 Minutes; 
therefore to find the Side CB, fay, 1 
| As the Tangent of CBD= oo 160 = 7.667849 
Is to the Radius go OO = 10.000000 
So is Unity 1 = ©. 


To the Length of the Side CB 214,8 = 2.332151 

4. The Height of the Earth's Shadow being at the mean 
Diſtance of the Sun 214,8 Semidiameters, when the Sun 1 
at its greateſt Diſtance it will make CB = 217 Semidiameters 
of the Earth, which is its greateſt Height. Hence we ſee 
the Height of the Shadow is near three times as great as the 
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As TRONOM Y. 
Tur CoMETARIUM' is a very curious Machine, 
which exhibits an Idea of the Motion or Revolu- 
tion of a Comet about the Sun; and as this Sort 


mean Diſtance of the Moon, or 60 Semidiameters : But the 
Height of the terreſtrial Shadow falls far ſhort of the Diltance 
of Mert, and therefore can involve no one of the heavenly 
Bodies but the Moon. | . ; 
F. After the ſame manner it may be ſhewn that the Angle 
of the Moon's Shadow (and indeed of all Spheres whoſe Se 
midiameters bear no ſenſible Proportion to their Diſtance from 
the Sun) is of the ſame Dimenſions with that of the Earth i 
whence thoſe Cones are ſimilar Figures, and ſo have their 
Heights proportional to the Diameters of the Baſes. There- 
fore ſay, As the Diameter of the Earth 100 ito the Dia- 
meter of the Moon 28, ſo is the Altitude of the. Earth's 
Shadow 214,8 to the Altitude of the Moon's Shadow 6079 
of the Earth's Semidiameters. The Shadow of the Moon 
therefore will juſt reach the Earth in her mean Diſtance, which 
it cannot do in her Apogee ; but in her Perigee it will involve 
a {mall Part of the Earth's Surface. | 


6, Beſides the dark Shadow of the Moon, thereis another Pl. LxXIt 


tall'd the Penumbra, or Partial Shadow 3 to repreſent which Fig. 3. 


let S be the Sun, T the Earth, D the Moon; and let KCF 
and A B E be two Lines touching the oppoſite Limbs of the 
Sun and Moon; then tis evident that C FEB will be the dark 
or abſolute Shadow of the Moon, in which a Perſon on the 
Earth's Surface between F and E is wholly deprived of the 
Sun's Light. Moreover, let K BG and ACH be two other 
Lines touching the Sides of the Sun and Moon alternately, 
and interſecting each other in the Point I above the Moan. 
Then will HCBG be the Penambra above-mention'd, and is 
the Fruſtum of the Cone GIH for tis evident that a Part 
of the Sun will be ſeen and Part thereof hid to a 
on the Earth's Surface between F and H, and E and G; or, 
in other Words, the Sun in thoſe Parts of the Earth will ap- 
pear only partially eclipſed. Th | Ai. N 
7. To calculate the Angle of the Cone H IG, draw SB; 
then in the oblique Triangle BIS, the external Angle BI 
b equal to both the inward and oppotite Angles [BS and 
ISB; but ISB is that under which the Semidiameter of the 


Moon appears at the Sun, and is therefore inſenſibly ſmall k 


whence the Angle BID = IBS or KBS = the | 
Semidiameter of the Sun, Therefore the Part of 1 


Es 
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of Motion is not perform'd in circular, but very 
elliptic Orbits, ſo in this Inſtrument, a pecu- 
har Contrivance by elliptical Wheels is necel- 
ſary to effect it; which as a great Curioſity 


bral Cone CIB is equal and fimilar to the dark Shadow of 
8. Let us now ſee how much of the Earth's Surface can 
be at any time involved in the Moon's dark Shadow, or the 
Quantity of the Arch EF.. In order to this, let us ſuppoſe 
the Sun to be in Apogee, and the Moon in Perigee ; and in 
that Caſe the Height of the conical Shadow will about 61 


In this Caſe alſo the Half-Angle of the Shadow TKE= 
15 gof,-as being leaſt of all. Therefore ſay, | 
As Unity, or the Side TE e. 

I to the Side TK = 5 = 0.698970 
So ĩs Sine of the Semi- angle TKE = 15' 50 = 4.663238 


To Sine of the Angle TEK = 1* 19/ 1of = 8.362208 


| Wherefore TEK + TKE =ATE = AE == 1* 35/, and 


ſo FE = 3 100 = 1900 = 220 Miles Statute-Meaſure ; 
which is therefore the Diameter of the dark Shadow on the 
Earth's Surface when greateſt. 

9. After a like manner you find the Diameter of the pe- 
numbral Shadow at the Earth, as GE FH, when greateſt of” 
all, that is, when the Earth is in Peribelio, and the Moon in 
her Apogee; for then will the Sun's a Diameter be 
equal to 16/237 = TIG, the i 


Cone; and thence we ſhall find I B 585 Semidiameters of 
the Earth. In this Caſe alſo the Diſtance of the Moen from 


Inter 
poſition of the Moon, tis evident, if the Sun and Moon 
were always in the ſame Plane, there would neceflarily be 
Eclipſe of the Sun every time the Moon came between 
Bun and Earth, that is, at every N. . | 
Sun, T the Earth, and KBG H the Moon's Orbit in 

Ecliptic ; then when the Moon comes to be 8 
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will be ſhewn, together with all Parts of the 
Machine, in my new Conſtruction thereof. 
The Comet here repreſented is that which 
appear'd in the Year 1682, whoſe Period 


in the Right Line TX, which joins the Centers of the van 
and Earth, it will be exactly interpoſed between the Sun and 
a Spectator on the Earth at V; and fince the a t Mag- 
nitude or Diſk of the Sun is the ſame nearly with that of the 
Moon, it muſt neceſſarily be hid behind the Sun's Diſk at that 
Time, and ſo eclipſed from the Sight of the SpeQator ; and 
this muſt be the Caſe whenever the Moon comes into the faid 
Line or Point B, wiz. every New Moon. 

- 11. But if (as the Caſe really is) the Orbit of the Moon 


be not in the Plane of the Ecliptic, but inclined thereto un- 


der a certain Angle, there may be a New Moon, and yet no 
Eelipſe of the at the ſame Time. To illuſtrate this, 
let ABCDE be a Circle in the Plane of the Ecliptic, de- 
ſcribed at the Diſtance of the Moon's Orbit AGH, and in- 
terſecting the ſame in the Points B and D, making an Angle 
therewith as ABF, whoſe Meaſure is the Arch GC, as being 
90 Degrees diſtant from the angular Points or Nodes B and D. 
12. Now tis evident, if the Arch GC be ſomewhat greater 
than the Sum of the apparent Semidiameters of the Sun and 
Moon, then at G, and ſome Diſtance from G towards B, 
there may be a New Moon, and yet no Eclipſe of the Sun, 
becauſe in this Caſe the Diſk, of the Moon G is too much ele- 
vated or depreſſed above or below the ap t Diſk or Face 
of the Sun C to touch it, much leſs to hide or eclipſe any 
Part thereof; as is evident from the Figure. a 
13. At a certain Point M in the Moon's Orbit, the Moon 
will have a Latitude equal to the Sum of the Semidiameters 
of the dun and Moon; and therefore when the Moon is New 
in that Point, ſhe will appear to a Spectator in the Point Z to 
touch the Sun only; from whence this Point is call'd the 
Ecliptic Limit, inaſmuch as it is impoſſible there ſhould happen 
a New Moon in any Part between this and the Node D (on 
each Side) without eclipſing the Sun leſs or more; as you ſeg 
| 2— Eclipſe at K, and the Total Eclip/e in the Node it- 
14. What we have hitherto ſaid has been with regard to 


the Phenomena of an Eclipſe of the Sun as they appear to a 
Spectator on the Earth's Surface, in whoſe Zenith the Moon 
then is, and where there is no Reſraction to alter the true 
Latitude of the Moon: But _ the Moon his any Lati- 
b 3 15 
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is 75 Years and a half, and therefore will again 
appear in 1758. By this Piece of Machinery is 
ſhewn the _— Motien of a Comet in N 


tude, there the Proceſs of calcul the Appearances of 

Solar Eclipſe will be ſome what — Date on account 0 

. the Variation of the Moon's Latitude and Longitude for eve- 
> and conſequently every Moment of the 


Is. en 

ctions, let ABD be the Surface of the Earth, M the Moon, 
S the Sun, ſeen from the Center of the Earth T in the fame 
Point of the Heavens with the Moon, and conſequently. cen. 
trally eclip/ed to a SpeQator at C, in whoſe Zenith the Moon 
Is: But to a Spectator any where elſe ſituated, the ſame Phe- 
nomenon will not happen in the fame Circumſtances, if at all. 
Thus a Spectator at B will view the Moon in the Birection of 
the Right Line BN, and fo het apparent Place in the Hea- 

wall be at N. where it is evident her upper Limb will 
juſt touch the lower of the Sun, T1 wall not 
ys CY Pat 0x Speator anywhere berneen Ban 
C r nnr. 
PR 
This Arch SN in the Heavens is call ·d the Parallax, 
or Difference between the true and ent Place of the Bo- 
dy at M. and is equal to the Angle b MN or BM T. Now 
this Angle or Parallax is conſtant diminiſhing, as the T=. 
pomenen at M approaches towards the Zenith at E, where it 
entirely vaniſhes ; er the Horizon 
at G, where it is greateſt of all, and is there call'd the Hori- 
zontal Parallox, which in the Moon amounts to a whole D.. 
gree, as was ſhewn Arnot. CXXXY. 

17. It is here obſervable, that the Parallax always depreſſes 
the Object, and therefore when the Moon has Noh Leude 
it is diminiſhed, but the South Latitude is increaſed, with re- 
ſped to us; and ſo the Ecliptic Limits are variable in ever) 

icular Latitude. But a Slar Eclipſe may in an abſolute 

anner be beſt repreſented by a Projection of the Earth's 
ſk, and of the Seftion of the dark and penumbral Shadow 
of the Moon, a they ape ow pear (or would appear) 3 
or at t 0 oon in a he Line joining 
Centers of the Sun and Earth. 

18. In order to this, eien e bf the 

nean Semidumeners of the Ear, dal Shadow, ao + 
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dark Shadow at the Diſtance of the Earth: (by. 


ASTRONOM Y. 
Part of its Orbit, and how from thence it-moves 


with a retarded Velocity till it arrives at the Apbelion 


Point, where it moves ſloweſt of all; and fromthence 
it is ſeen continually accelerating its Motion to- 
vumbra, at the Diſtance of the Moon. As to the firſt, viz. 


the Earth's Semidiameter, it is equal to the Moon's horizontal 
Parallax, as we have ſhewn. That of the dart Shadow is 


thus eſtimated : Let C be the Center of the Moon, DB its Pl. LXIII. 
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Diameter, DHB its dark Shadow, and KAL the Penum- Fig, 2. 


bral Cone. Then let E F be the Diameter of the Penumbra 
at the Earth, and IG that of the dark Shadow, and draw 
CG and CE; then is the Angle CGB = BHC + HCG, 
and ſo GCH = BGC-— BHC ; that is, the apparent Semi- 
diameter of the dark Shadow is equal to the Difference be- 
tween the apparent Semidiameters of the Moon and Sun. 
(See Art. 2 and 5 

19. In like manner the Angle ECH = DEC + DAC, 
that is, the apparent Semidiameter of the Penumbra at the 
Earth is equal to the Sum of the apparent Semidiameters of 
the Moon and Sun, (See t. 7) Now the Semidiameters of 
the Sun and Moon, and alſo the Moon's Horizontal Parallax, 
are all ready calculated for the various Diſtances of the Sun 
and Moon from the Earth, and for leaſt, mean, and teſt 
Eccentricities of the Lunar Orbit, in the Afronomical Tables. 


20. Therefore let AE repreſent a ſmall Portion of the Fig. 3. 


annual Orbit, and FH the viſible Path of the Center of the 
Lunar Shadows, which will exactly correſpond to the Poſition 


of the Moon's Orbit with reſpect to the Ecliptic in the Hea- 


vens; and therefore the Point of Interſection R will be the 


Node, and the Angle H & E the Angle of Inclination of the 
Lunar Orbit to the Plane of the Ecliptic, which is about 5 
Degrees. 

21. Hence if EPOS repreſent the Diſk of the Earth (ac- 
cording to the Orthographic ProjeZion) in the ſeveral Places , 
B, C, D, whoſe Semidiameter is made equal to the Number 
of Minutes in the Moon's Horizontal Parallax at the Time of 
the Eclipſe; and if in the Path of the Shadows in the Points 
8, R, N, G, we deſcribe a ſmall Circle whoſe Semidiameter 
1s equal to the Difference between the Semidiameters of the 
Sun and Moon, that ſhall be the circular Section of the Moon's 
cle 18.) 
Laſtly, if on the ſame Center we deſcribe a larger Circle, 
whoſe Semidiameter is equal to the Sum of the Semidiame- 


ters of the Sun and Moon, that ſhall repreſent the Section of 
2 | Bb4 wards 
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wards the Peribelium, in ſuch manner as the Laws 
of Attraction require. The Comet is repreſented 
by a ſmall Braſs Ball, carried by a Radius Vector, 


the Penumbral Shadow, (by At. 19.) and is here ſhewn by 
the dotted Area. 


| 22. Here then it is evident, if the Moan, when New, be 
at the Diſtance was hy wg Node, the Penumbral Shadow 
| will not fall near the Earth's Diſk, and ſo there cannot poſh- 
bly ha any Eclipſe. If the Moqn's Diſtance fram the 

be equal o ON the Penumbral Shadow will Juſt 


is perpendicular to the Path FH. and u equal to TCL NT 
= 621100 + 1& 527 + 1& 23", viz. the Sum of the Moon's 
Horizontal , and of the Semidiameters of the Sun 
| and Moon, all of them when greateſt : Alſo the Angle NC, 
| when leaſt, is 5 30/. Therefore in the Right-angled Tri- 
> = 00 pg "to find the Side QC, ye have the following 


As the Sine of the Angle Nac = 5* 300 = 8.981573 


—— 


Is to Radius goꝰ oo! = 10,000000 
$0 is the Logarithm of theSide NC=g5/,5 = 1,980003 


| To the Logarithm of the Side & C 996/,4= 2.998430 
| 24. The Bellpvs Links therefore, is 4 = 16˙ 36/, 
| beyond which Diftance from the Node 9984 = 16 36, 
| Eclipſe ; and within that Diſtance, if the Moon be New, the 
| S will fall on ſome Part of the Diſk, as at B; where all 
| thoſe Places over which the Shadows paſs will ſee the Sun 
eclipſed, is part only by the dotted Penumbral Shadow, bu 
| totally by the dark Shadow; and the Sun will be 
| eclipled to all thoſe Places over which the Center of the Sha- 
| dows paſſeth. * 
| 24. If the Moon be new in the Node itſelf, then will the 
| Center of the Shadows paſs over' the Center of ihe Dikk, as 
| repreſented at 3. In this Caſe if the apparent Diameter of 
1 the Moon be greater than that of the Sun, the Face' of the 
| Sun . Sos 4 ofſeurrd to All Parts over which the Center 
ö 7 es; but if not, the Sun will only be centrally eclipſed, but 
| Circumference will mT a bright Amm/as, or lutninoys 


of 
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or Wire, in an elliptic Groove, about the Sun in 


one of its Foci; and the Years of its Period are 
ſhewn by an Index moving with an equable Mo- 


= whoſe Width will be equal to the Difference of the 
Diameter of the Luminaries. 
25. As the Diſk of the Earth js here projected, jt reprg- 
ſents the Caſe of an Eclipſe on an Eguinactial Day 
AK is the Ecliptic, EQ the Equator, X the Axa of the 
Ecliptic, PS the Axis of the Equator or of the Earth, P and 
8 the North and South Poles ; beſides the Tropics and Polar 
Circles, repreſented by Right Lines, as in the common 
Analemma. And by thoſe who underſtand this Projection, the 
Diſk of the Earth and the Paſſa _ of the Hy, over it 
may be exhibited for any Place Declination of 
oy 1 for which ſee my Young 8 Guide, 
ol 

26. Lunar EcLirses are not quite ſo 
Theory, nor near ſo tedious and difficult in Calculation, as $0- 
lar ones. The latter are only apparent, the former really ſuch ; 
that is, the Moon is really deprived of its Light, and there- 
fore muſt appear obſcured to all the Inhabitants of the Earth 
equally, by whom ſhe can be ſeen ; whereas the Sun, not be- 
ing deficient in Light, will ever appear reſplendent to thoſe 
who do not ha A on that Part of the Earth where 
= Lunar 1 

D + is occafion'd by the Immerſion of 
the Moon 3 into the Ear . er, we Nis caly to calculate 
the apparent Seniidiarneter of the Earth's Shadow a at the Moon, 
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in order to delineate an Eclipſe of this Sort. Thus let AB Plate 

be the Earth, T its Center, AB B its Conical Shadow, DC LXIII. 

the Diameter of a Section thereof de kn gon; and drawing Fig. 44 
ADT=D 


TD, ——— TE+DET; 
derte BTR ABT. DET, thith the An le NT 
under which the Semidiameter of the Earth's Shadow at 
Diſtance of the Moon appears, is equal to the Difference be- 
tween the Moon's Horizontal Parallax ADT, and the Semi- 
diameter of the Sun DE F. ö 

28. If therefore AE ent the Path of the Earth's 
Shadow at the Diſtance of the Moon near the Node B, and 
FH a Part of the Lunar Orbit, and the Section of the Earth's 
Shadow be be delineated at , B. C, D, and the Full Moon at 
8, I. N, G; then tis evident, where the leaſt Diſtance of 
the Centers of the Moon and Shadow exceeds the Sum gf 
their Semidlameters, there can be no Eclipſe of the Moon, 


| tion 


Fig. J 
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tion over a graduated ſilver'd Circle: The Whole 
being a juſt Repreſentation of the preſent Theory 
of thoſe prodigious and wonderful- Phenomena of 
the Planetary Syſtem (CXLIV). 


as at D. But where that Diſtance is leſs, the Moon muſt be 
y or wholly involved in the Shadow, and ſo ſuffer an 
ipſe, as at B and 8; in which latter Caſe the Moon paſſe 
over the Diameter of the Shadow. 

29. Bat in a certain Poſition of the Shadow, as at C, the 
leaſt Diſtance of the Centers N C is equal to the Sum of the 
Semidiameters ; and therefore &C is the Ecliptic Limit for 
Lunar Eclipſes: To find which, we have NC = 67 12! 
nearly when greateſt, and the Angle NVC = 5* oo. There- 


fore ſay, 
As the Sine of the Angle NGC = 5“ os = 8.940296 
Is to Radius | * O = 10,000000 


go 
So is the Logarithm of the Side NC 63/,2,= 1.800717 


To the Logarithm of the Side & C= z 2,860421 

Hence, if the Moon be at a les Diſtance from the Node 8 
than 725' = 12* 5/, there will be an Eclipſe; otherwiſe 
none can happen. 
30. If the Earth had no Atmoſphere, the Shadow would 
be abſolutely dark, and the Moon involved in it quite inviſi- 
ble ; but by means of the Atmoſphere many of the Solar Ray: 
are refracted into and mix'd with the Shadow, by which the 
Moon is render d viſible in the midſt of it, and of a duſty 
red Colour. 


_ (CXLIV) 1, I ſhall here preſent the Reader with as large 


a Compendium of the Ns wrTonian CoMETOGRAPHY A 


_ the Limits of this Work will it, or, perhaps, as he may 


Cold. Hence itappears that the Comets are ſolid, compact, in d 


have an Inclination to read Sir 1/aac has made the Doctrine 
or Afironomy of Comet; the laſt Part of his immortal Princif#a, 
and declares it to be by far the moſt difficult and intricate 
Part of Philoſophy. | 

2, A Cower is a Sort of Planet revolving about the Sun, 
in a very eccentric Orbit or Ellipſis, and which conſequently 


approaches very near the Sun in one Part of its Orbit, and 
recedes to a very remote Diſtance from it in another. Hence 


*tis evident, they muſt undergo extreme ces of Heat and 
8 
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nd durable Bodies, and not a Vapour or Exhalation of the 
Earth, Sun, or Planets, as has been uſually ſuppoſed; becauſe 
if it were ſuch, it muſt ineyitably be diſſipated and diſperſed 
in paſſing ſo near the Sun : For the Diftance of the Comet of 
1680 in Peribelio was fo that it conceived a Degree of 
Heat above 2000 times greater than that of red-hot Iron. 
vet are they not ſo fix'd, but that they emit a fine, thin, 
Jucid Vapour ; which at firſt, while the Comet is yet a great 
way from the Sun, ſurrounds the Body in Form of an Atmo- 
ſphere, and begins to render the Comet viſible. As the Co- 
met approaches nearer the Sun, this Vapour begins to aſcend 
from the Head or Nucleus, to Heights greater and greater, as 
the Comet gets nearer and nearer to the Sun, and makes thoſe 
amazing Streams of Light we uſually call their Tails. All 
which is eaſy to conceive from a View of the Figure. 

4. Theſe Tails alſo are fo fine and tranſlueid, that the Stars 
are diſtinctly viſible through them. As they riſe from the 
Head and aſcend, they become rarified, and grow broader to- 
wards the upper End, The Form of the Tail is well known 
to all now living who ſaw the late Comet; in which we ob. 
4 the Tail had a ſmall Flexure or Curvature, as they 

ve, being convex on the anterior Part, and concave behind, 
which ariſes from the twofold Motion of the Particles of the 
Tail, the one of the Aſcent from the Head, the other bein 
the progreive Motion in common with the Nucleus itſelf. 
But as the former is much the greateſt, ſo its Direction is but 
little alter'd by the latter, and ſo the Poſition of the Tail but 
a little oblique and incurvated. 


5. As to the Cauſe of the Aſcent of the Cometary Va- 


— or Tail towards the Parts oppoſite to the Sun, there have 
been various Surmiſes and Conjectures, for ſo I call them, as 
not being attended with Certainty and Demonſtration. ler 
aſcribes it to the Action of the Sun's Rays rapidly carry ing 
the Matter of the Tail away with them. And Sir {aac does 
not think it diſſonant to Reaſon, to ſuppoſe the ſubtil tber 
in thoſe free Spaces may yield to the Action and Direction of 
the Sun-Beams. It is certain from Experiments, that the So- 
lar Rays collected by a Burning - Glaſs to a Focus, impel light 
and pendulous Bodies very notably, even ſo as to make them 
vibrate backwards and forwards: And though this Impulſion 


of the Rays of Light with us, in our Mediums, and on 
our ſluggiſh Matter, be * in thoſe free 
Spaces, and on the fübtll Eftuvia or fine Particles of the Co- 
metary Atmoſphere, it may be very great. I know there 
are other and later Hypotheſes to account for the Motion and 
Form of a Comer's Tail; but on Examination they appear 
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to be inſuſkcient, improbable, and unphiloſophical, and there. 
fore ſhall not trouble the Reader with them. 

6. The Bodies of Comets are very ſmall, and above the 
Qrbit of the Moon, as is evident from hence, that they have 
3 ible horizontal or diurnal Parallax, and when view'd 

ith a 


and taking a p . 

7. On the other hand, by their anma/ Parallax they are 
proved to deſcend within the Regions of the Planets ; they 
alſo appear ſometimes Ared and flower than they really move, 
ſometimes retrograde and ſwifter'than the true Motion, and 

they are ſometimes fationary ; all which Phænomena 
ariſe from the ſame Cauſes as were before explain'd of the 
Planets. (See Amort. CXXXIX.) | 

8. Since the Comets by Obſervation are found to deſcribe 

curve Lines about the Sun, they mult be drawn by ſome Force 


E Courſe 22 Law of Motion. And 
fince this Force in all the tends to the Sun, as being 
in the Syſtem, therefore alſo this Force in the 

Comets reſpects the Sun in a more immediate Manner, as be- 
ing ſo much leſs than it than moſt of the Planets are. And 
as this Force in the Planets is inverſely in the duplicate 

of the Diſtance from the Sun, the fame Law is un- 
btedly obſerved by the Comets, which are in other Re- 

ſpeQts Bodies ſimilar to the Planets. The Comets therefore 


part beyond the Regions, and on that account de- 
ſcribing Orbits with r Axes than the Planets, re- 
volve more ſlowly. Thus if the Axis of a Comet's Orbit be 


4 times as long as that of Saturn's Orbit, then would the 
Time of the Period of the Comet be to that of the Planet as 


4 4 to, oras$to1; viz. 8 x 30 = 240 Years. 


10. Since it is found by Obſervations that the Cometary 
Orbits are extremely eccentric, and that the Portion which a 
Comet deſcribes during the whole Time of its Appearance 3s 
þut a very ſmall Part of the Whole, the Center of ſuch ay 


ature 


4. 


* 
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Curvature at each End to be vaſtly near that of a Parabola 
having the ſame focal Diſtance ; and conſequently the Motion 
of a Comet may be calculated in a Parabolic Orbit without 
any ſenſible Error, | 
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11. Therefore the Velocity of a Comet in Peribelis (wit. in Plate 
the Vertex of the Parabola P) is to the mean Velocity of a LXIV. 
Planet deſcribing a Circle about the Sun, at the ſame focal Fig. 1. 


Diſtance SP, as 2 to 1. And ſuppoſing the Earth to be 
that Planet, let us put the Radius of its Orbit SP z= 100000, 
and then ſay, As the whole Periodical Time of the Earth 
3654 is tothe whole Periphery 628318, ſo is 1 Day to 1720,2z 
Parts deſcribed in one Day ; and in one Hour it will deſcribe 
21367 Parts. But as 1:V 2 :: 1720,2 : 2432,747, the 
arts deſcribed by the Comet in one Day; and ſo the Parts 
deſcribed by the Comet in one Hour will be 101, 364. 

12, Whence if the Latus Redim LR of the Parabola be 
equal to 4 times the Radius SP of the Earth's Orbit, and we 
put $SP* = 100000000, the Area which the Comet will de- 
ſcribe each Day, by a Ray drawn to the Sun, will be 
12163731 of thoſe Parts, and each Hour an Area of 50682; 
of thoſe Parts, To demonſtrate this we muſt conſider, that 
the Squate of the Diameter of any Circle is to its Area as 
I : 0;7854 :: 4 : 3,14159 z therefore the Square of Radius 
or PMS i. Whence the Area of the Circle is to the ſaid 
Square PM as 35141 5% to t. And the Rectangle PL= 2. 


But the Parabolic Area PLS =—PL = 


Hence chis Area PLS is to the Area of the Circle as o 


3,14159. And if the Velocity of the Comet and Planet at 
P were the ſame; the Time in which the Comet would de- 
ſcribe the Arch of the Parabola P L would be to the Time in 


which the Planet deſcribes its Orbit in the ſame Ratio of —- 

to 3,14159. But theſe Velocities are as V 2 to 1; there- 

fore the aid Times will be x Ste —.—, that is, 
16 * 3 

1 Va = 3 nn As $,14159 


2 a 
5 2 365 D. 6 H. 9: 109 D. 14H. 46/, the Time in 


which the Comet will deſcribe the Arch PL. If then PS“ 
tz PM = 100000000, we have the NS. 
bK —' SW g 
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133333333 Parts deſcribed in 109 D. 14H. 46/; and there- 
fore the proportional Parts for a Day and Hour as above. 
13. What thoſe diurnal and horary Areas are in different 
Parabolas may be thus ſhewn. Let pr g be a Parabola ſimilar 
to the former PRQ then will the Time T of deſcribing the 
Arch PR be to the Time t of deſcribing the ſimilar Arch pr, 
as the Periodical Time P of deſcribing a Circle on PS to the 
Periodical Time p of deſcribing a Circle on ps, by the laſt 


Article. But P: y :: PSI: ps) + RI: T ty alfothe 
fimilar Areas PRS = A; and prS = a, are as the Squares 
of their like Sides PS and pS; that is, A: 4 :: R“: -*, 
Now fince in the fame Fi equal Spaces are deſcribed in 
equal Times, whatever Number of Days or Hours are con- 
tain' d in T and t, the Areas A and à will conſiſt of as many 
equal Parts reſpectively; and which therefore we may call 


the I Part of A; and — Part of 4, or x andy; fo that x: 
Ly 1 > SUR, 
1 2 12228 — f. r. 


2 r ; 
= == 1 of thoſe Parts, and ſo-—- : R*. Again, let N be 


the Number of thoſe Parts deſcribed in 1 Day; then will this 


dural Area be N x —- : NxR*:/K, (by 4 13 


therefore N . 

15. In like manner it is ſhewn, that if che Quadrantal 
Area pr $ of the Parabola prg be divided into an 100 equal 
Parts, and pS=7r, and » = Number of thoſe Parts in the 
diurfal Aren; then : . And fo N: S 1 : 4 

- 4 71 | 4 Rz * 
= NA if R=SP= 1, or the Radius of the Earth's 


. 


16. On theſe Principles the Cometary Calculus depends ; for 
in any Parabolic Orbit the Quantity = = N x — is the diur- 
| rs | 

nal Area, and may therefore be eſteemed the mean Motion or 


Anomaly of the Comet for a Day; which multiplied by the 
ime (expreſs'd ** 


2 
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belio at P, will give the whole mean Motion or Area PRQS 
for any Place — the Comet Q in its Orbit. In order to this 
we muſt have the Time aſcertain'd from Obſervation when 
the Planet was in Peribelis at P, and alſo the Perihelian Di- 
ſtance SP from the Sun; as alſo the Place in the Ecliptic at the 
Game Time, the Poſition of its Nodes, and Inclination of its 
Orbit : All which Particulars for 24 Comets the Induſtry of 
the great Aſtronomer of this Age has ſupplied, viz. Dr. Hal. 
ley, in his Cometegraphia ; which I have tranſcribed, and added 
thereto the ſame Things for the laſt Comet, as they were de- 
termined by the Reverend Mr. Betts, from the Obſervations 
of Mr. Profeſſor Bliſs of Oxford, at the Obſervatory of the 
A at Sherbeurn moe. 
ſpire. 

From the Place of the Comet Q draw n 
aht ie de Arn 3 and let 5 dea T. —— — 
the Point Q, and BQ drawn pe — then by 
the Nature of the Parabela we have * — the Semi- 
Latus Rectum. And putting the given Area PQS = a; and 
AQ= x, we have & + 3x =@, or x* + 3x = 124; 
which Cubic Equation reſolv'd gives the Ordinate AQ, and 
thence we have PA; but, PA + PS = SQ = Diftance of 
the Comet from the Sun, which therefore is given. There- 


fore in the Triangle SAQ, right-angled at A, we have SQ_ 


and A-Q to find the Angle SA; and then PS the Angle 
. When this is a, 4 15 
other Particulars are the ſame as in the Planetary Calculus. 
18. Theſe are the Principles or Elements of Calculation; 
which we ſhall now proceed to illuſtrate by Example, that fo 
the Praxis may not remain ſo difficult and obſcure as it has 
hitherto been; and we ſhall make choice of the laſt Comet 
for this Purpoſe, . 
firſt Place to be determined. 
10. In order to this, we have the conſtant mean Motion of 
a Comet moving in a Parabola, whoſe Perihelion- Diſtance 
PS= R = 1 = Semidiameter of the Earth's Orbit, vi. N = 
100 
TogD: = 2 n whoſe Logarichm 9.960128 
is therefore always at hand for conſtant Uſe. 
20. The Perihelion-Diſtance PS . = 0,22206, and its 
Logarithm 9,346472, as in the Table, for the Comet of 


1744- But we have its mean Anomaly = x — (by . 


6 
as follows: 


The 
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Pl.LXIV. 
Fig. 2. 
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Logarichm of Perihelion-Diſtance . = 9.346472 

hich multiply by — — yy 
The Product is the Logarithm ithm of r3 = 8.039416 
Divide by 2, the Quotient is Log. of ri = 9.019708 
Arichmetical Complement is the Log, of 21 = 0.980292 

To which add the Logarithm of N = 9.960128 
The Log. of Mean Andmaly + = 8,718 = 0.940420 
21. Having thus obtain'd the Au Area, if we multiply 


this by any Number of Days and Decimal Parts of a Day, it 
will give the Area PRQS,; or mean „for the given 


Time. Thus let it be required for Jama 23D. 6H. 1. 


| | D. H. M. 
Then from the Time of Perihelion, Feb. 19 8 12 
Subduct the given Time, Jan. 23 6 11 
- The Difference will be 6 


Wherefore to Log. of diurnal Area 8,718 = 0.940420 
Add the Log. of the given Time 27,0833 = 1.432702 


| The mean Anomaly required = 236,1 = 2.373122 
22, Having therefore the Area PRQS = 236,1, we can 
find AQ = x, from the Equation 22 ſor if 
when the Quadrantal Area PSR is 100, we put SR = x =1, 
then tis plain; x* + 3x = 14+ 3 =4 = 124 in that Caſe. 
Therefore when the mean Anomaly is but 18 Part of this, 
we have x* + 3x = #5 = 0,04 ; which will be a conſtant 
Multiplier for reducing any given Anomaly to fit it for the 
Equation. Thus 0,04 x 236,1 = 9,444 = + 3x in the 
preſent Caſe; which reſolved ing to the uſual Methods 
gives x == 1,65 nearly. — | 

23. Then by the Nature of the Parabola "55 = AP = 
ys — = 1,3612. Alſo AP+PS=SQ= 1.8612, 
the Diſtance of the Comet from the Sun for the given Time. 
But to expreſs this Diſtance in the ſame Parts as the Sun's 
mean Diſtance from the Earth contains 1,00000, we muſt 
eqnkder that the Perihelion-Diſtance PS = 0,22206 z whence 
| SR 


s WW C2 1 ww  . a 
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SR = 0,444r2. Wherefore ſay, As 1 : 0,44412 :: 1, 8612: 
, 82650, the Expreſſion required. 


24. In the Right-angled Triangle D 1 haying all the 


Sides, we find the Angle QA = 62" 36 ; whence the ob- 


tuſe Ang le PSQ = 117” 33, which is 'the Heliocentric 
Diſtance Lor the Comet from the Perihelion. Now fince the 
Petihelion is in & 17* 127 55, if we ſubduct 117* 33/ 30“, 


we have the Heliocentric Longitude i in 8 19. 39, 25%. 


r 


25. Alſo the Deſeming Ned, is in m 15% 45 20%, from Pl. LXIV. 
which ſubtract the Comet's Place now found, the Difference Fig. 3. 


147% 05/ 55 is the Diſtance of the Comet from the Node. 
Let the Line of the Nodes be 88 KN; then, fince the Peri- 
belion P is 151* 276 35 diſtant from the Node KN. it will be 
but 287387 257 diſtant from the Node 8. If then from the 
Angte CSA = 62* 36% we deduct PS S = 28˙ 38/ 25" = 
ASSL; we ſhall have QSqQ = 30* 58 5“. 

26. From Q let fall the Perpendicular Q QN on the _ 
Nodes ; then in the Right- angled Friangle QSN, having 
Angle at $ and the Side SQ, — — E 


As Radius — 10.000000 
To the Sine of the Angle U8N=33%59/= 9.747374 
So is the Side SQ go, 82650 = 9: 2 22? 


To the Length of the Side QN = 0,46200 =  9.66460t' 
27. Again: In the Right-angled Triangle QN D we have 
the Side now found QN, and the Angle of the Inclination 
of the Comet's Orbit QND = 47? 9, to ind the Side or 


i QD. Thus lay, 
:=10.006000 


2 ine of Inclination QN D == 47* o = 9.865138 
So is the Side QN = 0,46200 = 9.66460 f 


To the Perpendicular- D=0,33860 = _ 9.529739 
28. We can now find he thn Latitude or ths Co- 
met, or the Angle QSD; for 


As the Side == 0,82650 = 9 917227 
Is to the Side 053386 9.529739 
So is Radius go" = 10.000000 


To Sine of Helioc. Lat. sb 24% / 9.612512 
29. To find the Comet's Curtate Diſtante from the Sun, 
vis. BY wy bare th Angogy from the Right-angled Tri- 


A rep k go? = 10. 0000001 
> the Sine of the Angle SQD= 65% 48/ = 9.960054 
$0 is the Side - SQ = by + — = 9.917227 


To the Cute Diſtance 8 D o, 75380 = 9.877279 
Vor. II. Cc 30. To 
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30. To find the Side ND in the Right-angled Triangle 


QND, ſay, 
As Radius 90? = 10.000009 
To Co-fine of Inclination DQN = 42* 51/= 9.832616 
80 is the Side QN = 0,46200 = 9.664601 
To the Side DN = 0,31420 = 9:497217 


| 31. Then in the Right-angled Triangle NSD we can find 
the Heliocentric Place of the Comet in the Ecliptic, or Angle 


| DSN, thus: a 8 

| As the Curtate Di SD = , 75180 = 9.877279 

| To the Side ND = 0,31420 =. 9.497217 
So is Radius g0* = 10,000000 


To the Sine of the Angle DSN = 2% 38' = 9.619938 
| | Therefore to the Place of the Node K, 8 15% 45' 200 
| Add the Angle now found 224 38 oo 


| The Sum is the Helioc. Place in theEcliptic, U 10 23 20 
| 32. The next thing to be done is to find the Place of the 


Sun, and confequently of the Earth in her Orbit for the given 
Time ; which is calculated from the Tables in the ufual Me- 


thad as follows: 
Mer. of the Sun. Mot. of Ptribelion. 
. A C4409 8 
1741. 921 1 58 —— 43 8 13 30 
an. 23. CO 22 40 12 — 
Hours 6 14 47 
Min. 11 27 


Mean Mot. 10 13 14 8 3 8 16 3 
Equat. add. 1 739 10 13 14 24 


2 


Frue Place 10 14 22 3 7 4 58 23 M. Anom. 
33. The Sun's Place being found in == 14 22/ 03%, the 
Earth's Place will be in the oppoſite Part of the Ecliptic, 
wit. in R 14 220 034 at T. If therefore from this we ſub- 
tract the Comet's Heliocentric Place at H, we ſhall have the 

Arch HF == 63* 49/ 43” = DST, the Angle of Commuta-, 
| tion. And as the Earth's mean Anomaly is 7S. 4 58 23%, 
| the chm of the Earth's Diſtance ST will be 9,993947- 
| But 8 D is alſo known; therefore we can find the Angle 
| DTS, or Elongation of the Comet from the Sun, 5 


| 
. 
3. 11 29 17 oo 2 30 
| 
| 
| 
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As the Sum of the Sides ST + SD = 1,74000= 0.240545 
[5 to their Difference 8 T —SD = 0,23240= 9.366236 
So the Tang. of 4 the Ang. BEL 58 005= 10. 20421 1 

2 | 


fo Tang. of ; their Diff as 12* 03'=, 9.329898 


34. Hence 58* Þ 12* 04/ = o! = TDS, and 58˙˙ 
— 12% 05/ == 45* 57 = ST D, or. Longitude of the Go 
met from the Sun ; which added to the Sun's Place at I gives 
the Geocentric Longitude! of the Comet at L, in Y oo“ 197% 
And to find the Geocentric Latitude, or Angle DTQ, we have 
As the Sine of Commutation TSD = 64* 0o/ = 9.953650 
Isto the Sine gf Elongation ST'D = 45* 57/= 9.856568 
80 is Tang. of Helio. Lat. DSQ= 24* 10 = 9.652650 


To the Tang. of Geo. Lat. DTQ= 199 46 = 9.555568 

35. Thus you have the whole Proceſs of Calculation, as it 
relates to the Phznomena of a Comet moving in a Parabola 
near the Vertex, and is the ſame with that uſed for the Pla- 
nets (from the 2 5th. Article incluſive). - And though it is cer- 
tain (from what will be ſhewn by and by).that this Comet 
does not deſcribe a Parabolag Hut an Elly. yet the com- 
puted Longitude and Latitude are the fame which' the Comet 
was obſerved to have at that very Time ; whence the Accu- 
racy of this Method ſufficiently appears: But as it is thus li- 
mited to a Parabola, and only one ſmall Part of that, and 
cannot be extended to determine the Axis of the Orbit, or 
the Time of its Revolution, I ſhall here ſupply this great De- 
ficiency by ſhewing a direct and geometrical Method of Com- 
— of all the Ph4nomena of 5 Comet moving in any 
Conic Section, which was firſt invented by M. Bonguer in 
Mon Parif An. 1733; which Method I ſhall explain, illu- 
ſtrate, and exemplify in the following Articles. 


of which the Sun is at 8; C the Place of the Comet, CS its 
Diſtance from the Sun; DCE a Tangent to. the Curve in the. 
Point C; Ce the Space paſs'd over by the Comet in a ſmall 
Particle of Time; SD; FE, Perpendiculars from the Foci. 
to the Tangent: And draw SG parallel to DE, and join FC. 
Alſo let ANO be the elliptic Orbit of any Planet; S, f, its 
Foci. Laſtly, let ALB be a Circle deſcribed on the longer Axis 
AB; .APTB a Rectangle about the Ellipſis AIB; ud 
AQRE as the Square the Circle ALB; and put'S 

| Cc 2 as a= az 


- — -——- 
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36, Let AK BI be the Trajefory of a Comet, AB its Pl. Lxv: 
longeſt Axis, I K the ſhorteſt; S, F, the two Foci, in one Fig. 1. 
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S, SDI. Cc e, the Time in which it is deſcribed 
= The lon Axis of the Cometary Otbi AB = x, of 
the Planetary Orbit A0 = 4, the Circle deſcribed on the 
— AVO= pʒ the Periodical Time of the Comet t, 
he Space Ce Aeferibed, the, Dilpee SC, and the 

The S c 
Aude Seb. ee A knn y Os and therefore 
ties "The mean Diflnce of che Cometiie AH 
= x, and of che Planet t Ag = 29, And becauſe the 
Squares of the Pariedital Times are at the Cubes of the man 
rr tes er 


* — XXXIV. —_— R — 2 
1 e 

: Becauſe Cc is x of 

may be efteem'd a Line” Ade 


Sector CS. er K wha A rea 18 x (c 
Abe is given; bat Time J, ſo is 
che whole Arca.of de K e ad ___ e- 


2 3 02391 
riodical Tim e that i, t = e ee ee 


39 Nets dee Seger die ns f, weed fart 
the Semi-conjugate HK; thus: Becauſe AB = SCT FC, 
therefore FC = x —a and by fiinilar'Friangles SPC and: 
FEC we have SC : SDV FC: FE; chat 1, 4 bi. 2. 


— FE; and derte FG = 4 


4 15 
ie) 8 ,Ax:00 


—. Again, SC: ©D : 12 re: ore 


: 141 1 S113 


Sama IEEE bt. Han. 2 or BE 


CE'4 CD'= = = 4 e DN = 
EVFIF. pg Sn, . 


A e * — EEE . — 


eee 


= = — _—_- a 


„ KF 5 790 


e 5 the Naan ute, 6 


* 


I 


As TRON OM Y. 
AH = 4x, and "therefore K — SH, = HK = 


a » — 4a —— 
A — ! == S 
fore IK = 2HK = Hie, Conſequently, 

C3 By Hann S107 


bans APTB, the Seni, Ares of the LR 
Let Q= Diameter of the cn Az, ad Pits * 


; then ſince 4 LH — the Curt. 
Le hall have Q* e * OR) : 4 QRB: 


ALB: Ks AI 1 9: 17. gt is, q* + be 
— Vax—aa : 7255 * r = ATIB. But ch = 


SM eee, therefore che -abovy 


8 font . Then. t 


7 2 ve 2 — 25. And, 3 


2 N. 
ere fl = =AB, the rern an. 
the SeQion, & Tagecsey of the Comet: 

41. If we hee thi Valve ff f the rade Wo 


— 2 -. 
for t, we ſhall have t = e eden 


cal Time. Alſo becauſe the Conjugate ic 


"a ' * ef 1 + 4b*a* Ot 
/ therefore 4 —_ = ————; 
N. 421 * + 
574 


wo = 
whetice c rah 2 m 95 0 5 
42, From theſe Equations it plainly appears, that when 


we ney oft e r Paz, 


15 1 7 conſequently the S L 
ar ; 6 greater 9, it — 
a Lal ole Oo eGov (tome $ 
ut in oy *8"qB r than S 
l ts among which we reckon LG 
H en: n 257? 


Wo W o 1 L. „ 
* * 9 
n 
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eien x 
the Circle, where x = 22 = _— . e 


Se A the Arch of the Circle deſcribed ig 


100000 equal Part; and ele 
Alſo the Periodical Time » = 1 Year; 3 
Spice deſcribed” in one Pay, we have / = ——— = | 
A Then alſo the other Exprefions' will become 


$91826599535 x4 __ * 4 
far the: principal Axis & Tn TE, , and for 


Fe 4759560000 * af | 
che Periodical Time t = * 
591826599935 2 


if Obſervations could be 
LNG — to determine the Diſtance of the Comet, 


the Space it moved over in its Orbit in one Day, then the 


Ares of the Orbit and the Periodical Time of the 
— 9 2 + ral] but this is a 
atter he ſt ety, a courſe the greateſt 
ficulty, becate the elliptic Orhie of a Comet, if it be ſuch, 
can ſcarcely be diſtinguiſ d by Qbſervation (however well 
J from a-Parabolical Orbir, in all that Part of the Orbit 
i the Comet deſcribes during its Appearance. Hence the 
untity ae will generally come out either to, or 
than the Number 59182659. 535, and ſo gives the 
F And if it chance that ac be leſs 
the ſaid Number, 2 ht to the 

Degree of Exactneſs, the Axis x, and Periodical Time t, 
will be very different frgm the Truth, Pat more of this in 
indther Place. 

45. A Parabola therefore is full ſufficient to account for 
all the Circumftances and — of a Comet's Motion 
during the Time of its Appearance; as, Sir Iſaac has ſhewn 
reſpeQ to the 88 of ef 1604; N 1682, 1683 
and Mr. Betts for the laſt Comet of 1744. And chat 
ef may ee t ; wonderful Apreement tween the 
(though y "on the Parabblica! Hypothefi:) and 


with” 
che 
Theory 


the 8 or Longitude and Latichde of the Comet 


5 F ſhall here fubjoin a "Table exhibiting the 
bot b Compritation and Obſervation, and the Dif 


ferences between m feveraſly for cach reſpe&tive Time 
rr 1 4 


H. EA S-4 
8 1— 
. 27 5 4 2 
3 28 5 14. + 7 E EL bog: 
| 31 4 44 [. 10 4 8 9 3 [. 10 5 16 18 8 $3 - 19. 
= | 5 53 [T. 10 4 11418 9 374 Y. 10 3 55] is 9 6 16 + 
O f/ fiz2 9 wo F. 4 52 548 59. 37 F. 4 52-24 | 18 59) 13] 19 = þ 24+ 
2 13 6 20 | Y. 4 31 40 | 195 2 31 [F. 4 31 1349 2 49. 27 + þ 48 — 
o | a 8 20 | Y. 4 29 27 3 32] Y- 4 26 69 3 t2] 21+; þ.20 
* + P16 6 33 [y. 3 18 43% „ 7 [T. 3. 18, 2719 15 13] 16 ＋. Þ 34 
4 8 oo . 3 ½ 319 6 7. 3. 17 1 15. 3% 31 37 
I | 23 6 11 [V. © 19 45 19 42 30þ y.. 0:19 16] 19, 42 1 29 +. Þ 29% 
| nm tzz3 7 29 . o 17 581 42 47] Y.., o 17 45] 19 42 121-13 +. Þ 35 | 
2 Reb, C5 7 314 [X. 21 52 3710 35 O X. 21 52 56 | 19 34 42] 19 — | 48 — 
11 6 373 | X- 14 42 45]17-23 30 K. 14 4 58] 17 24 51.13 — | 35 — 
| 2 #13 "6 33 | XK. 13 10 3616 38 40 X. 13 10 5216 39 T7] 6 — 175 — 
- IT 13 6 25 [N. 11 32 505 43. N. 11 33 1615 4 165 26 — 3. 
| 16 23 41% | MX. 5 9 140 17 40 N= 5 9 1110 18 8 1 13 T 23 — 
17 23 35 „K. 3 37 37 | 8 15 39 NK. 3 37 11 8 16 3-1 26 o-2 þÞ 245 | 


| 


Plate 
LXV. 
Fig. 2. 


465. Now the [Time in 
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46. Having thus ſhewn the ſeveral Affections of a Comet's 
otion, I ſhall conclude with a Word or two in relation to 
eir Tails. The Atmoſphere of Comets conſitling of a very 
Vapour, will, when the Comet is in its Apbelion, be near- 
ly ſpherical, and its Denfity greateſt. As the Comet ap- 
mags the — * the Sun 's Heat enters the Atmoſphere, and 


Pikes it 2 cauſing at the ſame time the fineſt Part 
rife from the Comet, like the Flame from a Candle, to- 
ard th Pa Parts averſe from the Sun ; and as the-Comet comes 


—.— this Fume will riſe and extend it- 
55 hs, and make what is call'd 
Teil of the E 10 that when they are view'd with 4 
E Nucleus, Atmoſphere, and Tail of a Comet 
add like what is repreſented in the Figure. 
Were The Length of the Tai is thus Found by Obſervation, 
— Tas dag Fa. 8 T che Eanh, Ce _— 
2 ail; draw TS,. TC, SC, and T. 
the Tail, and meetin — Ar — 
— * Angle TC 
(for TCE = 8704 ST). Alſo the Angle 


E Ce is known from Peersches: whence I Ce is 
Moreover the Angle CT. is known alſo by Ob- 
Therefore in the Triangle T Ce, having the two 
yer Hs CT., and the TC, (from the Theo- 
NN find the Side Ce, which is the Length of the 
And thus they have been found to be 40, 60, and 80 
Jhons of Miles. Fu 
48. Draw S cutting the Comet ': Orbit in d ; then becauſe 
Motion of a Particle from C to may be reſolyed 
ite two Motions Cd and ed, tis plain, ſince de is that di- 
y averſe to the Sun, the Comet would have paſleſs'd the 
ined when the Particle at - Grit roſe from the Nucleus, if 
Motion had been e n Se, as 
Line Se kept 79 1 4 
19 — the Caſe but the Particles move 
ique Direction Ce, therefore parallel to Ce draw 
D, and join De: then will the com- 
ing from the progreſive Motion of the 
omet jn the Direction C D, and its Motion of Aſcent in the 
* have give tbe Paint D for the Comet's Place when 


de Pacing UAE the Comet deſcribes any 


may be found from the Theory, 
conſequently the Time of the Aſent e the Tai of a 
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finiſh'd a compleat Compendium of the Nawreutan Philoſophy 
2 
"Jam paret borrificis via lara Cometis 
Jam non miramur —— benemena Afri. : 
1 Hur. 
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T © 
L ECTURE XI. 


Of Time, and its 8 by the Celeſtial Mo. 
tions, Of | the Yzar® Tropical and Sydereal, 
and the Quantity of each. The Time of the E- 
QUINOXES 4nd SOLSTICES determined by Calcu- 
lation. Of Davs, Natural and Artificial. The 
EquaT1on of Time explain'd, Of Werks. 
Of MonTas, Periggical end Synodical. Of 

Old and New Style. Of Cycies; the Cycit 
of the Sun, and Dominical LETTERs; {be M- 
Ton1c Cycle, or Cycle of the Moo, and Gor p- 

' En NumBERs. The Cycle of InvicTion. The 

Dionyſian Pzr1oD, or Paſchal Cycle. The Ju- 
han PrRIOD. The Aſtronomical Principles of 

2ONOLOGY, by Sir Isaac NEwrox, e.. 


CHro 
He'd and exemplified 
1 SHALL here give the Reader an Idea of 


of the YE AR, as the grand and original 
Meaſure of Time, and derived from the 


Aſtronomical Principles of the Earth's Motion; 
and then afięrwards conſider its Subdiviſions and 
Diſtributions into lefler Parts, as Months, Days, 
Hours, 
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Hours, Minutes, Seconds, Thirds, &c. for the Pur- 
poſes of common Life, and the Uſes of Chrono- 
logy, Hiſtory, and other Sciences. 

2. TIM is in itſelf a flowing Quantity, mea- 
ſuring the Duration of Things; and its Flux is 


always equable and uniform; and therefore to eſti- 
mate the Quantity of Time, -we' ſhould meaſure 
it by ſomething that is in its own Nature always 
of one and the ſame Tenor. For this Purpoſe 
we have no Expedient ſo convenient as that of 
Motion; and becauſe the Meafure of Time ought 
to be permanent, we can find no other Motion 
fit for this Purpoſe but that of the Heavenly 
Bodies. 


3. Amonc theſe, none of the e 


obvious to every Body, and plain to common 
Senſe, as that of the Sun and Moon; which there- 
fore have been agreed upon by the Conſent of all 
Nations for this End, and indeed this ſeems to 
have been a principal Part of the Deſign of their 
Creation. For we are told they were appointed 
for Times and Seaſons, for Days and for Tears, 
Gen. i. That is, the Sun by his Diurnal Motion 
affords the Meaſure for Dars, and by his 
Annual Motion the Meaſure for Yzars; and 
the Moon, by her Revolutions, gives the Meaſure 
of another Part of Time we call MonTas. 

4. Fon it 1 u opline Revoloticn af” thoſe 
Luminaries that conſtitutes a Year, a Month, and 
a Day in the Abſtract, or abſolutely conſider d. 
Hence it is neceſſary to conſider the Point which 
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Earth in departing e fixed Point in the 
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theſe Revolutions. And this, with reſpect to the 

Annual Revolution of the Sun, is fix' d in that 

Point of the Eeliptic which is the Beginning of 

Aries; and the Time which the Sun tales in. go- 

ing from, and returning to GM is 
call'd a Yt ar. 

8. Aus0 the Mice. of of Time which -ebe-Sun 

takes to compleat one Revolution about the Earth, 

is call'd a Natural Day, or the Nychthemeron, in- 


cluding a Common Day and Night; which Space 
of Time is ſubdivided into 24 equal Parts, we 


call. Houvas; and each of theſe are again ſubdi- 


vided. into 60 equal Parts or Minutes; each of 
theſe again into 60 other equal Parts call'd Se- 
cond, Minutes, or Seconds; each of theſe into 
Thirds, and ſo on in a Sexagelimal, Subdiviſion 
for any lefler Parts of Time. 

| © Nam. if this 1 
Aries were fix d, each Annual Revolution of the 
Sun would be conſtantly the ſame, and therefore 
2 juſt and equal Meaſure of the Year, which is 
call'd the Periodical Year, as being the Time of 
the Earth's Period about the Sun; and which con- 
ſiſts of 365 D. 6 H. 9 14”. For ſo long is the 


Heavens, and returning to the fame again. 

7. Bur ſince, as we have ſhewn ( Annot. CXLI.) 
the: ſeveral Points of the Ecliptic have à retro- 
grade Motion, tis eaſy to underſtand, that by this 
Receſſion, of the Equinox it will, as it were, meet 
the Sun, and cauſe that the Sun ſhall, arrive to the 


. or firſt Point of Aries, beſore his Re- 
volution 


: 4 — — — — — — > — ig A ts — = —@® - - -— wt. - — — — — — — — > a = I 1 - — — 
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to LECTURE XI. 
volution is compleated. And therefore this Space 
of Time (which is call'd the Tropical Nar) is not 
ſo long as the former; fot by Obſervations; made 
at the Diſtance of many; Years of the Time: of 


two Equinqzes, and dividing the Time elapſed 


bermagmby the Number of 8 


to be 365 D. 5 H. 48 57 ech ef 
8. Tus, Beginning of the Year, or I ics 
the Sun entors the Equinox is thus determin®d/by 
N Let ABG beis Pprtion of che H. HI. LxVI. 
quinoctial, and. DBE an, Arch of the Edlipticy Fs: = 


then wich a; very nice Inſtrument take che / Meri- 


the Equinox: the /Diffexanee-betyween theſe Alti: 
rudes and chat. of the Equator -willicbe-the Sun's 
Declination on thoſeitwo Days,' which ſuppoſe to 
be AD and/E C; which being thus known, and 
the Anglecof, Obliquizy, ABD=EBC= 239% 29", 
we find the Arch DB,and;E B; and therefore we 


ſay, As DBA EB is to DB, fo is 24 Hours to the 


Time between: the firſt Obſer vation and: Moment 
of the, Sun's Ingveſs to the Equinoctial Point B. 

9. By r the Quaptity of the Tropical Ttar is 
better defined from à Calculation of the Moments 
of the Solſtices. The Invention of which curious 
and moſt certain Method was owing to our late 
celebrated Dr. Hall: and is founded on an eaſy 
Obſervation, and therefore practicable by any Per- 
ſon but moderately ſkill'd in the Conic Geometry. 


The Method is as follows: Let AVO 8 3 
| s o 


dian Altitude of the Sung the Day before and after 


mn 
* 
— — K — 4 — - ̃ 2 — — — — - - = 
; 3 k Fs U — + — 
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a ſmall Portion of the Tropic, which the Eclip 
tic KVM touches in the Solſtitial Point V. Sup: 
poſe the Sun at ſeveral Times near the Solſtice 
be in th Points K; I; L, V, C; M, N, then wilt 
the Right Lines TL, ID; BC, EM, Sc. (per- 
pendicular to the Tropic A O) be the Defitien- 
cies of the Sun's Declination at thoſe Times Nom! 
his greateft Declination in V. (| 

10. Ax from the Elements of Gevinetiy, the 
Subtenſes TL, DI, Ge. of the Angle of Con- 
tact AVK, are as the Squares of the Conterminal 


Arxches VL; VI, Sc. that is, of the Lines VT, 


VD, c. which are nearly equal to thoſe Arches: 
Now when the Sun is in L, part of its Path that 
Day will be the Line LC; and when in M, the 
Line TM; drawn parallel to A O. Let V'Q be 
part of the Solſtitial Colure; then we have VT = 
LF, and VDG, Ce. alſo VF STL, VGS 
DI, &c; whence LF*:1G*# VF: vG, Se. fo 
that the Figure K VN has really the Property of 
a Parabola, and ws A err . 
any ſenſible Error. 
11. Turxzrogs let three Points F, G; H; 
the Axis V Q be determined by — 
let aò be an upright Object, ac the Ground or 
Horizon; and c d a Plane ſet nearly perpendicular 
to the Sun's Rays at Noon. Then let the Points 
b, F, g, on the Plane mark the Shadow of the 
Apex 6, on three ſeveral Days at Noon; ſuppoſe 
two before, and one after the Solſtice. By this 
means we have the Proportion of Diſtance be- 
tween * Points F H and F G, for as fb: fg :: 
FH 
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FH: FG. By the farſt Obſeryation from the 
Point H the Sun's Place at K is given; by the 
ſecond, from the Point F, we have the Place at L; 
and by the third, m— G, we have the Foint | 
M in the Curve. moM gi ni 45%. 

12. Now let che Time Fr finſt * 
ſecond Obſervation A T (K L)=#3 the Time 
between the ſecond and third Obſervatian FE 
LVM)=5, FH=c, EG =4, and I V=x= 
the Time between the ſecond; Obſeryation and 
the Moment of the Solſtice, to be found. Then 

AVa=za+x, and VE =b— x; ind let the La- 
tus rectum of the Parabola be p. Then (per Co- 
ws we have * Fx and therefore VF 


* ike Manner VH 3 


þ* abe i 575 0 
VG= -, therefore FH H— 
- N 


Ker, 


225 and FG(=V.6— —YD=, 


0 | | 4 7 
b* --2bx- = mah far ker 


247 2 5 
13. Bur if n of a be 
ſuch, as that the Obſervation of the Shadow of 
the Gnomon in F is exactly in the Middle between 
thoſe of the Shadow in and g; then will AT 
TE, and fo @=6, and the Equation will become 
ac— 


T V, which gives this Analogy, 
. 22 5 MD ad 
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zs but 217 different from the former. The Time 


Ar PEN DIX 
244+ 2:01 +021 0:%; that is, nn: 
GH: AT: TV. 

14. Thall illultrate this Calculation by an Ex- 
ample of each Caſe. In the Year 1500, Bernard 
Walker, in the Month of June, at Nuremberg, ob- 
ſerved the Chord of the Sun's Diſtance from the 
Zenith by a large Inſtrument, as follows; 

Je 2, 4846 June 8, 44975. 
June 9, 44934 % and Yue 12, 44883 
Jus 16, 44990 = June 16, 44990 
The Differences of "theſe Chords are equal very 
neat to thoſſmall Diſtances FG and F H; there- 
foto c=2 539; and d 56, and ed 477; and 
ſince the Time wis Days between Obſervation, 
thereforo 4==7, Whence we have 1178: 
477 :: 7:2 D. 0 H. 2, which added to the Time 3 
- the riddle Obſervation, gives Jum 11 L D. 20H. ; 
r the Time of the Solſtice. . 

929 Adam, by the other three Obſervations, 
we have c 10%, d 9a, c- d 15, and 424 
wherefore, ſay, As 398: 13 :: 4D. 7 kh 3 H. 
375 the Difference between the 2. Obſervation, 
June 3, die Moment of the Solftice, which 
therefore muſt be June 11D. 20 H. 23“, which 


of the Tropic therefore, in Amo 1 500, we may 
conclude was Zune, 11 D. 20H. 12. 

16. WI will now. give an Example of the 
former Method by the Shadow of a Gnomon 35 
Feet high, which Guſſendus at Marſeilles made 
uſe of for determining the Proportion of the 
Gnomon to its Solſtitial Shade. This he did in 

He the 
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the Year 1636, and the Experiments were as 
follow. | | 
Fane 195 + \ @317665p 18 
20 (New Style; — r e 
21 ( The Shadow ) 31751 89428 
Ae 
Here indeed the End of the Shadow, inſtead of 
being receiv d on the Plane c d, perpendicular to 
the Rays, was taken on the horizontal Line, where 
the Points f, g, b, are refetr'd to F, G, , in 
* three of the Obſervations; yet is the Ratio be- 
tween FH and FG the ſame nearly as the Ratio 
between fb and fg, becauſe the Rays at that Di- 
ſtance from 5, in ſo ſmall an Angle; differ little 
from parallel Rays. n 
17. Hexcz the Caſe of the Problem is ſtill the 
lame. Therefore, let the Shadow, on June 19, 
beaH—=31766; on the 21ſt, aF=31751; and on 
the zad, 3 G 2317593 then 27 2 30, 2 d 16, 
c—d= 7, and 4 2, Ji; then the Theorem 
cb* — 447 
555 NR TOS 
is the Time by which the Solſtice preceded the 
fecond Obſervdtion. The Solſtice therefore was 
on June 20 PD. 17 H. 25) N.S. of June 10D. 
nas 08s | ee ry 
18. Taz Difference between the Time of this 
and the other Solſtice is i D. 2H. 47'; of 
which i D. 1 H. 12“ atiſes from the Deficiency 
of the Length of the Tropical Year from that of 
the Julian Year, (as will by and by appear) and 
the other Part i H, 45 from the Progreſſion of the 
Voi. II. Da Sein 


= 0,274 = 00 D. 17 H. 29, which 
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Sun's. Apogzum during that Space of Thanks 
diz. 136 Years. 

19. Taz Days are the next Part of Timewe 
ſhall conſider. Theſe may be divided into Solar 
and Sidereal Days. The Solar Day is that Space 
of Time which intervenes between the Sun's de- 
parting from any one Meridian, and its Return 
to the ſame again. But a Sidereal Day is the Space 
of Time which happens between the Departure 
of a Star from, and its Return to the ſame Me- 
ndian again, And each of theſe are divided i into 
24 equal Parts, or Hours. 

20. BECAUsE the Diurnal Motion of the Ea 
about its Axis is equable, every Revolution w 
be perform'd in the fame Time; and therefore all 
the Siderea Days, and the Hours of thoſe Days, 
will be equal. And on the other hand, the Solar 
Days are all unequal, and that on two Accounts, 
viz. becauſe of the Elliptic Figure of the Earth's 
Orbit, and becauſe of the Oblquity of the Eclip- 
tic to the Equator. 

21. Tais will appear as follows. 12 be the 
Sun, AB a Part of the Ecliptic, A the Centre 
of the Earth, and MD a Meridian whoſe Plane 
paſſes through the Sun. Now in the Time of 
one Revolution about its Axis, let the Earth be 
carried about the Sun from A to B, and then the 
Meridian will be in the Poſition, n d, parallel to 
the former MD. But tis plain, the Meridian 
md is not yet directed to the Sun, nor will not, 
till by its angular Motion it "ha attain'd the Si- 
tuation ef, deſctibing the Angle B BSA, 


Whence 
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whence it appears that all the Solar Days are longer 
than the Time of one Revolution, or S:dereal 
Day. : 

22. If the Earth revolved in the Plane of the 
Equator, and in a Circle about the Sun, then 
would the Angle ASB, and conſequently the An- 
gle-eBm be always of the ſame Quantity, and 
therefore the Time of deſcribing the ſaid Angle 
e Bm would always be equal, and ſo all the Solar 
Days would be equal among themſelves. But 
neither of theſe two Caſes have Place in Nature. 
23. For by the Earth's Theory, founded on | 
the niceft Obſervations, the Orbit is an Ellipſis, . 
and therefore (as we have ſhewn) her Annual Mo- | 
tion cannot be equable, or the Angle AS B de- 
ſcribed in the ſame Space of Time will not be 
equal; for in the Aphelion, the Velocity of the 
Earth will be leſs than in the Perihelion, there- j 
fore alſo the Arch AB will be leſs, and conſe- | 
quently the ſimilar Arch em, and therefore alſo | 


the Time of deſcribing it; whence it appears, the I! 
Part of Time to be added to the Sidereal Day, to i 
compleat the Solar Day, is always variable. 

21. Taz other Part of the Equation of Time 

(and moſt conſiderable) is that which ariſes from 
the Plane of the Earth's Orbit or Ecliptic being 
inclined to that of the Equator or Plane of the Plate 
Diurnal Motion; to explain which, let v # = 
a Semicircle of the Ecliptic, and v H of te 
Equinoctial, S the Centre of the Sun, and A that 

of the Earth in the third Quarter of the Ecliptic; 
bf the Meridian paſſing through the true Sun 8, 5 

Dd 2 and MR 


* ds 3„„ͤ„ = 


" * e EIS + 
— — apo, — ͥ — wm 
. 


* 
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happen by the Sun in the Equinoctial; and that 


APPENDIX 
and its apparent Place at I N 
the Ecliptic v . 

25. SUPPOSE, now, the Motion of the Earth 
in every Reſpect equable, and firſt that it ſat out 
from , and proceeded in the Equator in a given 
Time to D, the Sun would apparently deſcribe in 
the ſame Time the Arch of the Equator v I. 
Again, ſuppoſe it ſat out from the ſame Point , 
and ſpent the fame Time with the ſame equable 
Velocity in the Ecliptic, it would arrive to the Point 
A, ſo that the Arch «a A= D, and I= C. 
Then *tis evident, as the Earth revolves about its 
Axis from Weſt to Eaſt, the Meridian of any 
Place will firft arrive at the Sun I in the Ecliptic, 
and afterwards at the Sun C in the Equinoctial; 
that is, che Time of Noon by the Sun in the E- 
cliptic will be ſooner than that Noon which would 


by the Quantity of the Arch 5 D turm d into 
Tune. 
26. Now the Arch þD =BC is the Difference 
of the Sun's Longitude v I or Y C, and his Right 
Aſcenſion Y B. Draw ge parallel to DC, and 
the Angle e Af will be equal to the Angle DS h, 
and the Arch ef ſimilar to the Arch Db; there- 
fore the Time in which the Meridian bf revolves 
into the Situation ef, is that which is to be ad- 
ded to the Ecliptic Noon to equate it with the 
Time of the Equinoctial Noon, in the firſt and 
third ' Quarters of the Ecliptic. In the ſecond 
and fourth Quarter, the ſaid Equation is to be 
| . 23 ee 
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ſubtracted, as would eaſily appear by making the 
ſame Conſtruction there. | 

27. Now becauſe in different Parts of the 
Quadrant this Arch Dh or BC is of a different 
Length, the Equation of Time will be a variable 
Quantity; and therefore ſince the Motion and 
Time meaſured by the Sun in the Equinoctial is 
always equal, (there being nothing to make it 
otherwiſe) it follows, that the Times (i. e. the 
Days) meaſured by the Sun in the Ecliptic muſt 
be always unequal; or, in other Words, the 
Solar Days are ſometimes ſhorter, ſometimes long- 
er, than the equal Time meaſured out in the Equi- 
noctial. | 

28. IT has been ſhewn already, that the 
True Motion of the Earth precedes the Mean in 
the firſt Semicircle of Anomaly, and is preceded 
by the Mean in the ſecond. Therefore while the 
Earth is going from the Aphelion to the Peri- 
helion, or while the Sun apparently moves from 
the Apogæum to the Perigzum, the Apparent 
Time will be before the Mean, and in the other 


Semicircle of Anomaly it will be after it. The 


Difference of theſe Motions converted into Time 
is the Equation of Time in this Reſpect, and is ta 
be ſubtracted from the Apparent Time to gain 
the Mean, or added to the Mean to gain the Ap- 


parent, in the firſt Semicircle of Anomaly, and- 


Vice verſa in the latter, 

29. Now both theſe Parts of the Equation of 
Time are calculated by Aſtronomers for every De- 
gree of Anomaly, and for every Degree of the 

Dd 3 Sun's 
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Sun's Longitude in the Ecliptic, and diſpoſed in 


two ſeveral Tables, with Directions for adding and 
ſubtracting, as the Caſe requires; ſo that at all 
times the true or equal Time may be had. And 
from thence it appears that the apparent Time, 
or that ſhewn by the Sun, viz. by a Sun- dial, is 
but four Days in the whole Year the ſame with 
the mean or equal Time ſhewn by a good Clock 
or Watch, viz. about April the 4th, June the 6th, 
Auguſt the 2oth, and December the 13th. Allo a- 
bout the 23d of October the Equation is greateſt 
of all in the Year, being then about 16“ 11%, 
Clocks being then ſo much ſlower than Sun-dials. 
30. As the Solar Days are un<qual, the Hours 
muſt be ſo of courſe ; and hence it appears, that 
there is no natural Body which can by its Motion 
meaſure Time truly or equally; and the only 
way to do this is, by the artificial Contrivance of 
Clocks, Watches, Clepſydræ, Hour-Glaſſes, Sc. 
31. Ix different Party of the World, the natu- 
ral Day has a different Beginning. The ancient 
Egyptians began their Day at Midnight, as do alſo 
the modern Nations of France, Spain, Great Britain, 
and moſt Parts of Europe. The Jews, with the | 
Germans, begin their Day at Sun-ſetting. The 
Babylonians began theirs at Sun-riſing. And the 
Aſtronomers begin the Day at Noon, and reckon 
on to twenty-four Hours, and not twice twelve, 


as we do by our Clocks in civil Life. 


32. A Week is another common Meaſure of 


Time conſiſting, of ſeven Days; and becauſe the 


Ancients ſuppoſed the ſeven Planets had an In- 
1 1 7 S fluence 


t0 LET RR XI. 


fluence upon the Earth and all terreſtrial Things, 
they allotted the firſt Hour of each Day to the 
Planet they ſuppoſed then to preſide; from whence 
the ſeveral Days of the Week received their 
Names. Thus Sunday was Dies Solis, 1. e. the 
Day of the Sun; Monday was Dies Lune, i. e. 
the Day of the Mon; Tueſday was Dies Martis, 
i. e. the Day of Tuiſco or Mars; Wedneſday was 
Dies Mercurii, i. e. the Day of Wooden or Mer- 
cury ; Thurſday was Dies Jovis, i. e. the Day of 


Thor or Jupiter; Friday was Dies Veneris, i. e. the 


Day of Friga or Venus; and Saturday was Dies 
Saturni, i. e. the Day of Saturn. 

33. A MoyTH is another Part of Time, fo 
call'd from the Moon, becauſe it is the Time of 
her Revolution about the Earth, and is therefore 
alſo call'd a Lunation. If we reſpect the Re- 
volution of the Moon from any fixed Point in 
the Heavens (as a Star) to the ſame again, it is 
call'd a Periodical Month, and conſiſts of 27 D. 
7 H. 43“. But if we regard the Time that paſſes 
between one Conjunction or Ne- Moon, and the 
next following, it is call'd a Synodica! Month, and 
is equal to 29 D. 12 H. 44 3“. 

34. Tazse now mention'd are the Aftronomi- 
cal Years, Months, and Days: But thoſe uſed in 
common Life are ſomewhat different. Thus the 
Civil Month is a Space of 28, 29, 30, or 31 
Days, and 12 Synodic Months make 354 Days, 
which is call'd a Civil Lunar Tear; and a Civil So- 
lar Year is the Space of 365 Days. Therefore 
to * Civil Lunar to the Solar Year, 11 

Dd4 Days 
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Days are to be added, which were call'd by the 
Greeks Epagomenæ, and by us the Epacts. 

35. THz Civil Soli-Lunar Year of $65 Days, 
being ſhort of the true by 5 H. 48' 57, occaſion'd 
the Beginning of the Year to run forwards thro? 
the Seaſons one Nay nearly in four Years, and in 
1460 Years through all the Months of the Year. 
On this Account Julius Cæſar ordain'd that every 
4th Year one Day ſhould be added to February, 
by cauſing the 24 Day to be reckon'd twice; 
and becauſe this 24 of February was the Sixth 
(8extilis) before the Kalends of March, there were 
in this Year two of thoſe Sextiles, which gave the 


Name of Biſſextile to this Year. The Year, thus 


corrected, was from thence call'd the Julian Year. 


36. Bur the ſix Hours, added by Julius Cæſar, 


is too much, that is, exceeds 5 H. 48 57” by11' 3% 
and therefore the Sun each Fear begins his Courſe 


1173“ before the Julian Year is ended, which in 


131 res amounts to a whole Day. Hence at 
the Council 'of Nice, A. D. 325, (at which the 
Time of Eaſter was fix d) the Vernal Equinox be- 
ing upon the 21. Day of Merch, it was found in 


che Year 1582 to happen on the 11" of March, 


10 Days ſooner than before. 

37. Por Gregory XIII. thought the Kalendar 
too erroneous, and reſolved to reform it, by reſtor- 
ing the Equinox to its former Place in the Year, 
VIZ. to the 217 of March. To do this, he took 
10 Days out of the Kalendar, by ordering the 5" 
of Oober 1582 to be call'd the 15"; and to 


W the fu; 
| Pry 
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ture, order'd every 100 Year to conſiſt of only 
365 Days, whereas in the Julian it has 366, as 
being Biſſertile. This Reformation is therefore 
call'd the Gregorian Account, or New-Stile, and 
is uſed by Papiſts in Italy, Spain, France, Germany, 
and by ſome Proteſtants abroad; but we ſtill re: 
tain the Julian Year, and call the Reckoning by 
it Old-Stile. E 

38. Since the Council of Nice, to the preſent 
Year 1946, there have elapſed upwards of 1421 
Years, by which means the Equinox dqes in the 
Old-Stile, at this time, fall on the 10 of March, 
and the Julian Account is 11 Days later than the 
Gregorian. But even the Gregorian Emendation 
is not ſufficient; for whereas by that four Days in 
400 Years are rejected, a conſiderable Error is 
committed; for the odd 110 g#, by which the Ju- 
lian Year exceeds the Truth, will not amount to 
more than three Days in 391 Years. If therefore 
at the End of every 391 Years we expunge three 
Days, the Equinox will very nearly always keep 
to the ſame Day of the Month, 

39. In Computations of Time, we find it ne- 
ceſſary to fix upon ſome remarkable Tranſaction, 
or memorable Event, ſor the Exordium or Begin- 
ning of the Reckoning; theſe are call d Exo As 
or ERA. Thus ſome compute from the Crea - 
tion of the Worid: The ancient Greeks from the 


Inftitution of the Ohlympiads, beginning 776 Years 
before CarisT:; The Romans from the Building 


of Rome, about 750 Years before CuRIST. The 
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Chaldeans and Egyptians uſed the Æra of Nabe- 
naſſar, beginning A. ante C. 752. The Turkiſh E. 
pocha is the Hegire or Flight of Mahomet, A. C. 
622. The Perfian Era is call'd Zeſdegird, A. C. 
632. And that of the Chriſtians, the Birth «f 
Chriſt, ſince which Time we reckon 1746 Years. 
40. Bes1Des the Meaſure of Time by Common 
Years, we find it became neceſſary to introduce the 
Uſe of Cverzs (i. e. Circles) of Years; as the 
Metonic Cycle, the Cycle of the Sun, the Cycle «i tl 
Indiftion, and the Julian Period compounded of tl 
all the reſt. Of each of theſe I ſhall give the fol t 
lowing ſhort Account. ſe 
41. Tur Cycre of the Sus ariſes hence: If e 
the Number 365 be divided by 7, it will have a fi 
Remainder of r, which ſhews the laſt Day of the 
Year is the ſame Day of the Week with the firſt, 
Now it was always cuſtomary to place againſt the 
ſeven Days in the Week, the ſeven firſt Letters 
of the Alphabet, A,B, C, D, E, F, G, and there- 
fore, as they were continued thro? the Year, it is 
evident the ſame Letter muſt ſtand againſt the 
firſt and laſt Day of the Year, viz. the Letter A. 
42. Hzxck, if the 1“ of January be a Sun- 
day, the Letter A will point out all the Sundays in 
that Year; and ſince the 1" of January in the 
next Year is Monday, the firſt Sunday will be on 
the 7, againſt which ſtands the Letter G, which 
therefore will be the Sunday Letter for all that Year. 
Again, the firſt Day of the following Year being 
Tueſday, the firft Sunday will be on the 6"), againſt 
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which ſtands the Letter F, which therefore indi- 
cates the Sundays thro* that Year, and ſo on; 
whence tis eaſy to obſerve, that the Letters which 
point out the Sundays in every Year will be in 
a retrograde Order, viz. A, G, F, E, &c. And 
becauſe theſe Letters ſnew the Dies Domini, or 
Lord s-Days, they have been call'd Dominicas 
LeTTERS. 

43. Now, if all the Years were common ones, 
the ſame Letter would not be the Dominical, or 
the Sundays would not be upon the ſame Days of 
the Week, till after a Cycle or Revolution of 
ſeven Years; and ſince every 4 Year has a Day 
extraordinary, this Day will interrupt the Succeſ- 
fion of the Dominical Letters, and cauſe that 
the ſame Days will not be ſhewn again by the 
ſame Letters after a Cycle of ſeven Years, but of 
4x7=28 Years, which is call'd the Cycle of the 
Sun, 

44. Bzcavse in every Biſſextile Year the 24% 
or 25" of February ig reckon'd twice, and both 
thoſe Days have the "i Letter, it follows, that 
that Letter which ſhew'd the Sundays before the 
24" of February will not ſhew it afterwards, and 
therefore in every ſuch Year there will be two 
Dominical Letters. For Example, the Year 1744 
was Biſſextile, January 1. Sunday, the Dominical 
Letter A; but the 24 of February being Friday 
had the Letter F, and alſo Saturday the 25"; 
therefore Sunday the 26 muſt have G, which for 
that reaſon was the Sunday Letter the remaining 
Part of the Year. | 45. Ta 
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45. To find what Year of the Cycle the 
preſent or any Year of Cyg1sT is, add 9 to the 
given Year, (becauſe the firſt Year of Carisr 
was the 9 of the Cycle) and divide by 28, the 
Remainder is the Year of the Cycle required. Ex- 
ample: The Year 1746 +9=1755, then 175; 
divided by 28 leaves 19, the Year of the cle re- 
quired, whoſe Dominical Letter is E, according to 
the following Table : 

Cycle D 1. 94 8 6. 7. 8. 9. 10. 11. 12. 
Dom. Let. E EHU A. G. F. E. C B. A. G. 
Cycle 13. 14. 15. 16. 17. 18. 19. 20. 21, 
Dom. Lt. D. C. B. & F. E. D. 8 


cle 22. 23. 24. 25. 26. 27. 28. 
DL. N G. F. 5 C. B. A. 


46. Tux MeTonic Cvcrx, (fo call'd from the 
Inventor Meton) otherwiſe call'd the Cycle of 
the Moon, isa Period of nineteen Years, after which 
the New and Full Moons ſuppoſed to return 
on the ſame Days of the Month, and Hours, az 
before; becauſe if the Solar and Lunar Year be- 
gan together at any Time, theſe Years being to 
each other as 365 to 354, could not coincide a- 
gain at their Beginning till after a certain Time, 
viz. 235 Lunations, which make 6939 D. 16H. 
31' 45”, and in nineteen Solar Years are 6939 D. 
18 H.; the Difference being only 1 H. 28/ 15" 
ſhews the two Years will then begin again very 


Moon 


2 Pars = 34 FS 


fo. 
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Moons come round again upon the ſame Days of 

the WH che Month: | 
the W 47. Lor this Deficiency of an Hour and half 
ST will cauſe the New and Full Moons to happen fo 
he BW much ſooner each Gele in the Heavens than by 
X- Wl this Reckoning, and this in 304 Years amounts 
55 co a whole Day; and therefore, at this Time, they 
re. happen almoſt five Days ſooner than they ſhould 
to do, by the Rule ſettled by the Nrcene Council for 
finding the ſame by the Golden Numbers; the Na- 
ture and Uſe of which are to be underſtood as 
follows. 

48. Taxinc any Year for the Firſt of the Gele, 
. the Ancients obſerv'd all the Days on which the 
New Moons happen'd thto*. the Year, and againſt 
each fuch Day they placed the Number x; in the 
2* Year of the Cycle they did the like; and to each 
Day of the New Moon annexed the Number 2. 
In like Manner to every New Moon Day in the 
3* Year of the Cycle they ſubjoin'd the Number 33 
and ſo on, thro? all the Years of the Oele. This 
being done for one Cyzle; the ſame Numbers were 
fitted to the Kalendar to ſhew the New Moons 
in each Year of any future Oele; and, upon Ac- 
count of this their excellent Uſe, they were in 
Gold, and were therefore call'd the Golden Num- 
bers for thoſe Years reſpectively. | 
49. Bur becauſe theſe Numbers for the ob- 
ſerved New: Moons are not of laſting Uſe (as a- 
bove ſhewn) the beſt way of diſpoſing theſe Num- 
bers is by the Mean Lunations, as W 
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found from Aſtronomical Tables for each Year 
of the Cycle, which are the ſame in every Cycle, 
and do not vary greatly from the true. But, how- 
ever advantageous this may be in civil Life, we are 
not to expect this Innovation ſhould take Place in the 
Liturgy of the Church of England, which ſtill.conti. 
nues to compute the Moons, as ĩt does the Equinoxts, 
by the old erroneous Rule eſtabliſnhed by the Coun- 
cil of Nice, which are call'd Eccleflaſtical New 
Moons, in 1 che true 1 
Heavens. 

50. BeS1DES theſe, oa was nec Period 
calPd the CycLt or InvicTion, conſiſting of 1; 
Years; it was ſo call'd, ' becauſe the Numbers of 
this Cycle indicated the Time of Eaſter. But as 
this Cycle has no Connection wich the Motions of 
the Heavenly Bodies, I hall ſay no mote of it 
here, but refer the Reader for a farther Aocount 
of this and other Matters purely Chronolag ical, to 
the Authots Who have wrote on Ghrons/ogy; or, 
if they pleaſe, to an Epitome of that Sciance in 
my - Philelogical — 77 —_—_ Arts: 1 
Sciantern'/\ 1 wood, {3 03 bs! 

51. IAE N ar Wien tha is 


made. by- multiplying together the Cycles of the 
Sun and Mſoon, and therefore conſiſts of 532 Years, 


for 28 x 19 = 532. After the Completion of this 


Period, not only the New and Full Moons return to 
theſame Days of the Month, but alſo the Days of the 
Month return to the ſame. Days of the Week; and 
therefore the Dominical Lerters and the Moveabls 

Feaſts 


to LECTURE XI. 


Feaſts all return again in the fame Order. Hence 
this Cycle was call'd the GataT PascHar Cxerx. 
52. THe Julian PerIoD is the laſt I ſhall 
mention, and the largeſt of all, conſiſting of 7980 
Years, being compoſed of the Cycles of ibe Sun, 
Moon, and Indiction; thus 28 x 19 x r5 = 7980. 
The Beginning of this Period was 764 Tears be- 
fore the Creation, and is not yet compleated; and 
therefote comprehends all other Periods, Cycles, 
and Epacbhus, and tie Times of all memorable 
Actions and Hiſtories. It had us Name from its 
Inventor Julius Scaliger, who has — un 
ſelf theteb r | 
353. I an' r. condlude this En, — 
ing before the Reader the Aftronomical Principles 
of CaroNneLOGY, Which Sir IJſauc Newton makes 
uſe of for ſettling the Grand Erocus'of the Ar- 
gonautic Expedition, and wWhichche makes the Baſis 
of his Chronolaogy. He obſerves, that Zudoxus, 
in his Deſeription of the Sphere of the Ancients, 
placed the Solſtices and Equinoxes in the Middles 
of the Conſtellations Aries, Cancer, Cbelæ, and Ca. 
pricorn: And alſo that this Sphere or Globe was 
firſt made by Muſes, and the Aſerijms deli- 
neatod upon it by Chiran, two of the Argonauts. . 
34. Now iti has been ſewn, that by the Pre- 
ceſſion of the Equinoxes the Stars go back 30 
per Amum. And ſince at the End of the Year 
1689, the Equinottiel Colure paſſing thro' the 
middle Point, between the firſt and laſt Star of 
Aries, did then cut the Ecliptic in 67 it 
if is 


| 
| 
| 
| 
| 
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| 4" Magnitude, call'd » and 1 by Bayer. Et 


is a Star of the 4. Magnitude, — 
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is evident, that the Equinox had then go 
back 36* 44'; therefore, as go” is to one Year, ſo 
is 36* 44 to 2645 Years; which is the Time ſince 
the Argonautic Expedition to the Beginning of 
the Year 1690 ; that is, 955 Years before CHRIST 
is the Era of the Argonautic Expedition 
m_ Bor our great Author is more petto 
and ſubtile in this Affair. He finds the Mean 
Place of the Colure of the Equinoxes and Solftice, 
by eonſidering the ſeveral Stars they paſs'd thro 
among the other Conſtellations, as follows, ac. 
cording to Eudoxus. 

56. In the Back of Aries is a Star of the 6' 
Magnitude, mark'd „ by Bayer; in the End of 
of the Year 1689, its Longitude was 8 9* 38/ 45; 
and the Equinoctial Colure paſſing thro', accord- 
ing to Eudoxus, cuts the Ecliptic in 8 6˙ 581 575", 
57. Ix the Head of Cetus are two Stars of the 


doxiis's Cohite paſſing in the Middle between them, 
euts the Ecliptic in s 6* 58' gi", at the End of 
the Year 1669. 

38. Locke ee of Enidenear dien 
was formerly a Star of the 4* Magnitude (of late 
it is referr d to the Breaſt of Cxtus). It is the only 
Star in Zridanus, thro* which this Colure can pals; 
its Longitude was at the End of the Year 1689 
Y 25* 22 10%, and the Colure of the Equinox 


paſting thro? it cuts the Ecliptic in u 7 11 400. 


' 59. In the Head of Perſeus, rightly delineated, 
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its Longitude was 8 23% 25 30 at the End of 
the Year 1689; and the Colure of the Equinox 
paſſing through it cuts the Ecliptic in 8 69 180 


. 


60. In the Right Hand of Perſeus, rightly de- 
lineated, is a Star of the 4 Magnitude, whoſe 


Longitude at the End of the Year 1689 was d 


24 25 2%, and the Equinoctial Colure paſſing 


through it cuts the Ecliptic in 8 4 56 400. 
e 

8 6 58 57 
61. Now the Sum of all theſe 8 6 58 5r 
five Places of the Colure, & 7 12 40 
vix. 8 6 18 57 
84 56 40 


1 2 1 2 26 05 
The 5* Part of which is = U 6 29 13 
which is therefore the Mean Place, in which the 
Colure in the End of the Year 1689 did cut the 
Ecliptic. 

62. ArTer a like Manner he determines the 
Mean Place of the Soffitial Summer Colure to be & 
6* 28' 46", which as it is juſt 90 Degrees from 
the —— ſhews it to be rightly " deduced. The 
Equinoxes having then departed 1* 6* 29' from 
the Cardinal Points of Chiron, ſhews that 2628 


| Years have elapſed ſince that Time, which is 


more correct than the former Number (Article 35.) 
tho? leſs by only ſeventeen Years. 


63. By ſome other Methods, of a like Nature, 


he alſo ſhews the ra of. the Argonauts ought to 


be — in that Age of the World; and having 
E e fix d 
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fix'd this moſt antient Epocha, he makes his Com- 
putation with Reference thereto in the future 


Part of his Book. 
64. AnD thus our great Author has with his 


uſual Sagacity, ſo conducted his Deſign, as to 
make his Chronology ſuit with the Courſe of Na- 
ture, with the Principles of Aftronomy, with Sacred 


Hiſtory, with Herodotus, the Father of Profane 


Hiſtory, and with itſelf. And tho' many have 
thought fit to cavil, and find great fault with his 
Chronology, yet, how little Regard ought to be 
paid to them may from hence appear, that Sir Iſaac 
Newton was undoubtedly equal to any Man in all 
the common Qualifications of a Chronelogiſt, and 
vaſtly ſuperior to all in thoſe which were eſſential. 
Gentlemen ſhould have the Modeſty not to cri- 
ticiſe on the greateſt Man that ever lived, till 
they have-convinced the World, at leaſt, r 


underftand him. 
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LECTURE XI. 


The Uſe of the GLoses. 


Of the Gros in general. The CircLts of the 
SeHERE deſcribed.” The PosiTioNns of the 
SPHERE. The SOLUTION of PROBLEMS en 
the CELESTIAL GLopBt. The TERARBSTRIAL 
GLoBe deſcribed. PRroBLEMS on the ſame. Of 
the ConSTELLAT1ONS of the Northern and 
Southern HemiSenters. Flamſted's Car A. 
LOGUE of the SrARS. Of the DisTANCE and 
other Phænomena of the STans. A Calcula- 

ö tion of the ſurprizing VELoctTY of Liohr. 

Of the ABBERRATION of Light, and tbe Te- 
leſcopic Mor io of the Stars by Dr. BraDLEy. 
The PrincieLes of Gnomonics, or Art of 
D1iAaLLInG demonſtrated, by a DIALLING- 
SeHERE, Aſtronomical Doctrine of the 
SPHERE, and Method of calculating SpHERt- 
CAL TRIANOILES. The HarvesT-Moon ex- 
plain d. How to find a MERIDIAN Lins. The x 
Ficurt and DiMEensions of the Earth deter- 
mined by actual Menſuration of a DEGREE un- 
der the Axcrie CirCLEt and at Paris. A new 
CALCULATION on that Head. Of the Ox r Ho- 
| GRAPHICAL PROJECTION. Of the STERBO- 
GRAPHICAL PROJECT1ON, The Globular Pro- 
E e 2 jection. 
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jection. Of MRC AToR's CHART, and 4 new 

« Method of Conſtructing the Table of Mzz1010- 

Ml Parts by Fluxions. The Nature of the 
Rnvmus-Linxs inveſtigated, and applied in Sail- 
ing. A ne Mar of the WorLd on the Glo- 
bular Projection. 4 Mar of the Country in 
Lapland where the Arch of the Meridian was 
meaſured by the French King's Mathematicians. 


N chis Lecture I (hall explain the Nature and 
-Uſe of both the Globes, by giving you a ſuc- 
cinct Account of the Nature and Deſign of 
each, and a Solution of the principe! Problems that 
are uſually perform'd thereby. - _ 

.-Eacn Globe is ſuſpended VE" NPY 
LXVIL Jun, and moveable (within an Horizon) about 
its Axis, in the ſame manner as the Armillary 
Sphere of the Orrery.; and the Circles of that 
Sphere, already deſcribed, are laid on the cor- 
reſponding Parts of the Surface of each Globe; 
and are therefore ſuppoſed to be known. 

Tex Surface of the CEiesTIAaL GLopt' is a 
Repreſentation 'of the Concave Surface of the 


Starry Firmament, there being depifted all the 


Stars of the firſt and fecond Magnitude, and the 
moſt noted of all the reſt that are viſible. So 
that by this Globe we may ſhew the Face of he 
Heavens for any required Time, by Day or 
Night, throughout the Year, in general; or in 


regard to any particular Body, as the aps Moor 
Planet, or WR ar,. 


and. th 
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The Uſe of the GLonss. 


THe Stars are all diſpoſed into Conſtellations, 
under the Forms of various Animals, whoſe 
Names and Figures are printed on the-Paper which 
covers the Globe; which were invented by the 
ancient Aſtronomers and Poets, and are ſtill re- 
tain'd for the ſake of Diſtinction and better Ar- 
rangement of thoſe Luminaries, which would be 
otherwiſe too confuſed and promiſcyous for eaſy 
Conception, and a regular Method of treating on 
them (CXLV). 


(CXLV) 1. The Surface of the CxLERSTIAL Grog may 
be eſteem'd a juſt and adequate Repreſentation of the concave 
Expanſe of the Heavens, notwithſtanding its Convexity ; for 
'tis eaſy to conceive the Eye placed in the Center of the 
Globe, and viewing the Stars on its Surface, ſuppoſing it 
made of Glaſs, as ſome of them are ; and alſo, that if Holes 
were made in the Center of each Star, the Eye in the Center 
of the Globe, properly poſited, would yiew through each of 
thoſe Holes the very Stais in the Heavens repreſented by 
them. 

2. Becauſe it would be impoſſible to have any diſtinct or 


regular Ideas or Notions of the Stars in reſpect of their Num- 


ber, Magnitude, Order, Diſtances, c. without firſt reducing 
them to proper Claſſes, and arranging them in certain Forms, 
which therefore are call'd As TrERIsMuS or CONSTELLATIONS 5 
this was done in the early Ages of the World by the firſt Ob- 
ſervers of the Heavens, and thoſe who made Spheres or De- 


437 


lineations ; of whom Sir aac Newton reckons Chiron the 


Centaur the firſt who form'd the Stars into Conſtellations, 
about the Time of the Argonautic Expedition, or ſoon after; 
and that the ſeveral Forms or Aferi/ms were, as it were, ſo 
many ſymbolical Hiſtories, or Memorials of Perſons and 
Things remarkable in that Affair. Thus Aries, the Ram, is 
commemorated for his Golden Fleece, and was made the firſt of 
the Signs, being the Enſign of the Ship in which Phryxus 
fled to Colchis. Taurus, the Bull, with brazen Hoofs, tamed 
by Jaſon; Gemini, the Twins, wiz. Caftor and Pollux, two 
of the Argonauts ; the Ship Argo, and Hydrus the Dragon, &c. 
which all manifeſtly relate to the Affairs of that Expedition, 
which happen'd about forty or fifty Years after Solomon's 


Death. 
Ee 3 Is 
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| In order to underſtand the following Problems, 
it will be neceſſary to premiſe the following De- 
finitions in relation thereto, viz. 

I. Tur DecLinaTiIONn of the Sun and Stars 
is their Diſtance from the Equino#ial in Degrees 
of the general Meridian, towards either Pole, 
North or South. 

II. Rionr Agctws1on is that Degree of the 
Equinoctial reckon'd from the Beginning of Aries, 
which comes to the Meridian with the Sun or 
Star. 

III. O8riqQus Asctnson is that Degree of 
the Equinoctial which comes to the Horizon 
when the Sun or Star is riſing: And Oblique 


Deſcenſion is that Point which comes to the Ho- 


rizon on the Weſt Part, when the Sun or Star 


3. By this means they could make Catalogues of the Stars, 


record their Places in the Heavens, and call them all by their 


Names. Hipparchus is ſaid to be the firlt who framed a Ca- 


talogue of the Stars, which was afterwards copied by Ptolo- 


, and adjuſted to his own Time, J D. 140. The Num- 
ber in this was 1026. After this Lug Beigh made a Cata- 
logue of 1022, reduced to the Year 1437. Hehe Brabe recti- 
fied the Places of 1000 Stars ; but his Catalogue, publiſh'd 
by Longomontanes, contains but 777, for the Year 1600. 
Bayer publiſh'd a Catalogue of 1160. Hevelius compoſed a 
Catalogue of 1888 Stars, adjuſted to the Year 1660. But 
the largeſt and moſt compleat of all is the Brizib Catalogue 
by Mr. Flamſtid, containing about 3000, of which ſcarce 1000 
can be ſeen by the naked Eye in the cleareſt and darkeſt 
Night. They are rectiſied for the Year 1689. They are 
diſtinguiſh'd into ſeven Degrees of Magnitude, in their pro- 
per Conſtellations ; whoſe Names, Latitudes, and Longitudes 
here follow, together with the Number of Stars in each, and 
of each particular Magnitude, as I have taken them from the 
third Volume of the Hifforia Caleftis, Note, The firſt La- 
titude is South, the other North, in the Twelve Signs, unleſi 
mark'd to the contrary. | g 
| | 15 
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1s deſcending or ſetting in an oblique Sphere. 


IV. AscENSLIONAL DIFFERENCE is the Dif- 
ference between the Right and Oblique Aſcen- 


08, 


v. Taz LoxciTupe of the Sun or Star is an 
Arch of the Ecliptic, between the firſt Point of 
Aries, and that Point of the Ecliptic to which 
the Luminary is referr'd by the Meridian paſling 
through it; and is therefore reckon'd' in Signs — 


Degrees of the Ecliptic. 
4. The Cnftellations of the TweLvE Srcns. 
4 Names. | 78 SM By 11213 +|s|6 = 
ries, =P 7. 9 Ba Fs 011 0 51 628023 
Taurus. ys * — 135A EIA 
— f % h N 
Cancer, Ats 4919 19 rie ſeſe 5 19) 
* 1 7 32 es- ⸗ Jeg 
Virgo. — 2 wn 89x |0 5 101945 
Libra, : "I 7 424 49111217 5011121 
Scorpio. 2 "= =o 51jo|2|2|l2} gfegþ 5 
ogittarius m_ — 2p 4: zo[ 0 2 5 611102 4 
. E 27 23 | 51Þo[o[3| o| oþ 
— = [£97 2821 © | g9[1[0[+| 7þ1þ 
ifces. fag 4b os ese * I 6127154] 
Ee 4 VI. Taz 
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VI. Tur LArirup of a Star is its Diſtance 


. #40 


from the Ecliptic towargs the North or South 


Pole. 
VII. AmPLITUDE is the Diſtance at which the 
Sun or Star riſes or ſets, from the Eaſt or Weſt 


Point of the Horizon, towards the North or 


South. 
VIII. Azur is the Diſtance between the 


5. The Conflellations of the Nox Tru HZulsr AER. 


Andromeda. 718 "Ns $6 660302 12115 TH 
* A4 V's 4519 5] 7 110 100 Jaga; 
— 1% 99 340 [oo 4/12 1800 
. wir 303 1 660808 l 
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North Point of the Horizon, and the Point where 
the Vertical Circle, paſſing through the Body of 


the Sun or Star, cuts the Horizon. | 
IX. Tung ALTITUDE of the Sun or Star is its 


Height above the Horizon, meaſured in the De. 
grees of the Quadrant of Altitude, or moveable 


Azimuth Circle. 

Hercules. . 223 29/69 33 + 9500 11 15031058 o 
Leo Minor 32 $Id EE 11 511133 3 
Lacerta. $19 49 6 27155 34 43 12] 160 ol 3] 6] 7] © 
Lynx. Mong a. 44 0 ol 3 TF 
Hra. v4 145 7 21] 1 2] 2 [11] © 
Perſeus. C. M. D EE 511 15128] 6 
e eee 
—— Z N 
2 EEE 
r W 15 * g | 
ka 2 * E - l 18 60 o 711513 26 
— EHEENGE 
%% Nane, wu 76061 67 0755 0 335 58920 
e ee. 
Care! een füt 5152 52] J. | «14 5 
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X. A Star is ſaid to riſe or ſet Coſinicalhy, when 
it riſes or ſets when the Sun riſes. 

XI. A Star riſes Acronically, if it riſes when the 
Sun ſets. 

XII. A Star riſes Heliacaly. when it emerges 
out of the Sun- beams, and is ſeen in the Morn- 


6. Conflellations in the SouTHERN HEMISPHERE. 


7 ee 6123-5 | f 
ule. 27 18137 1 91 1. 0 4 
ere, 2 — I — 2 0 oe es go 
r 
Apas. * 2 ht 1 oſo o| 4{ 3] 4{© 
e A-LINE TT 
Canis major. 9 12059 4517 I 498 
{ — | 
Canis minor. « — — 1815 IE 1]. of 3 1. 
8 36) 2. 4], tf | I FT 
— . 
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nen., m2 39193 35 
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ing before Sun- riſing: And it ſets Heliacally, when 
it is ſo near the Sun that it cannot be ſeen, 
XIII. A Right Sphere is that whoſe Poles are Plate 
in the Horizon and the Equinoctial, and all its 2 | 
Parallels cut the Horizon at Right Angles, * | 
XIV. A Parallel Sphere is that whoſe Poles | 
co-incide with the Poles of the Horizon, or Ze- | 
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nith and Nadir; and the Equinoctial with the 


8. The Uſe of ſuch a Catalogue of Stars is very great; 
for from hence we learn, (1.) If any new Stars at & wat 
appear, which have never been obſerved before, (2.) If any 
Star, which now appears, ſhall in Time to come diſappear, 
(3.) If the new Star which ſhall appear be the ſame with 2 
Star that has diſappear'd formerly ; and therefore, (4.) If the 
Stars have any periodical Times of Apparition. Hence 
(5.) The Means or Method of predifting the Appearing or 
Diſappearing of Stars. (6.) By a Catalogue of the Stars we 
compare their reſpective „ Situations, and Diſtances with 
Eaſe. (7.) By this means we alſo compare and determine the 
true Places and Motions of the heavenly Bodies in general, 
and of the Sun, Moon, Planets, and Comets in particular, 
with many other uſeful Purpoſes it ſerves beſides. 

Now it is actually Fact, that ſome new Stars appear, 
nl that others diſappear ; yea, that they change their appa- 
rent Magnitude, and diſappear by degrees. Hipparchus the 
firſt of Men obſerved a new Star, (120 Years before Chrif) 
which occafion'd his making a Catalogue of the Stars. Ano- 
ther is ſaid to have appear d A. D. 130; another A. D. 389; 
one exceeding bright in the gth Century, and another in the 
Year 1264. | 

10. But the firſt new Star, of which we have any 
Account, is that in the Chair of Cafi:peia, firſt obſerved by 
Cornelius Gemma on the gth of November 1572, and by Tycho 
Brahe on the 11th. Sir Iſaac Newton ſays it equall'd Yom 
8 firſt Appe: , and gradually declined 
in its Luſtre, till it totally diſappear d in the March following. 
This Star is ſuppoſed to be the ſame that appear'd in the 
Years 945 and 1264, having its Period about 310 or 320 


Years. 
11. In Ang. 13, 1596, D. Fabricius obſerved another ar 
Star in the Neck of the Whale; and through the 17th Cen- 
tury this Star was obſerved to appear and diſappear periodi- 


E 


cally, its Period being equal to 333 Days. The Phænome- 


na of this and the like Stars are ſuppoſed to be owing to the 
Spots on their Surface, which ſometimes increaſe and ſome- 
times decreaſe, in the manner as we have obſerved they do 
on the Surface of our Sun. 

12. For that the Stars are really Suns, and have each 2 
Syſtem of Planets, &c. about them, like ours, can be no 
Doubt to thoſe who underftand the Rules of Reaſoning right- 
ly, as I have before obſerved, Armor, CXXXI. And there- 
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Horizon; and all the Parallels parallel thereto. 


fore as they revolve about their Axis, thoſe Spots may cauſe 
a great Alteration of Luſtre, and ſometimes wholly obſcure 
them for a time. But it is no Wonder if Bodies at ſuch 4 
Diſtance ſhould have Appearances. produced by Cauſes quite 
unknown to us. See more on this Head in Dr. Long's Aftro- 


Ky As to the Diſtance of the Fix'd Stars, we had but 
ſmall Hopes of any Eſtimation of it, till Dr. Brad/cy began 
his Obſervations on them with an Inſtrument ſo very exact, 
as that he is of Opinion, if the Parallax of a Star amounted 
to but one ſingle Second, he muſt have obſerved it; and 
therefore that ſ;ch a Star muſt be above 400000 times farther 
from us than the Sun, 


445 


14 For if 8 repreſent the Sun, T the Earth, ATB its pl. 1 xy. 


Orbit, and R a Star at ſuch a Diſtance SR or TR, that the p 
Semidiameter of the Orbit ST ſhall ſubtend an Angle TRS 
= 30%, or half a Second, then we find the Diſtance SR 
by this Analogy : 

As the Tangent of the Angle TRS = zo= 4.371914 
Is to Radius 90? == 10.000000 
So is the Sun's Diftance ST=1= 0.000000 


To the Diftance of the Star SR = 424700 =" 5.628086 

15. But the Diſtance of the Sun ST = 20000 Semidia- 
meters of the Earth (ſee Amt. CXXXIV.) ; and ſuppoſing 
SR=(TR=) 400000 ST, then is the Diſtance of the 
Star from the Earth TR == 400000 x 20000 = 8000000000 
Semidiameters of the Earth, or 8000000000 x 4000 = 
32000000000000 Miles of Engizh Meaſure. Hence it ap- 
— . the Velocity of Sound be ſo very great 
as at the Rate of 1142 Feet per Second, or 7000000 Miles 
per Anmim, yet it would take up 4571430 Years to paſs from 
the neareſt Star to us. A Cannon-Ball would take up twice 
that Time to paſs from us to the Star; (ſee Annor. XXV. 4.) 
. yea, Light itſelf, with the inconceivable Velocity of 10000000 
Miles per Minute, takes up more than 6 Years in coming from 
the Star to us. Therefore how immenſely great muſt thoſe 
Luminaries be, which appear fo bright, and of ſuch different 

es, at ſuch immenſe Diſtances ! 

16. The different apparent Magnitudes of the Stars are 

owing to their different Diſtances from us. Had we Teleſco- 


pic Eyes, we ſhould ſee many more. Seventy Stars, and 


, "avs boon die in the Pleiades (commonly call'd 
XV. An 


Fig. 4- 
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XV. An Oblique Sphere is that, one of whoſe 


the Seven Stars; and all that Tract of the Heavens call'd the 

Milky Way (or Galaxy) is well known to be owing to the Re- 

fulgence of a prodigious Multitude of Stars diſſeminated thro' 

le Parts of the Univerſe, though at ſo great a Diſtance az 

to be inviſible to the naked Eye; yet are they diſcernible in 

reat Numbers through a Teleſcope, and more in Proportion 
— the Inſtrument is — 

17. Hence likewiſe we account for that particular Phæno- 
menon we call a zebu/ous Star, or cloudy faintiſh bright Spots 
that appear like Stars in an indire& View; for in order to 
this you have no more to do than only to direct a good Te- 
leſcope to any one of them, and you will be agreeably fur- 
prized with a View of a great Multitude of very ſmall Stars, 
which were the Cauſe of the /uminous Spot to the naked Eye. 

18. To the very ſmall apparent Magnitude of the Stars 

we owe their conſtant Tavinkiing ; for being but lucid Points, 
every opake Corpuſcle or Atom floating in the Air will be big 
enough to cover and eclipſe them, when they get in the Right 
Line between the Star and the Eye; which Alternations of 
momentary Occultations and Apparitions make the Twinkling 
of the Stars we now ſpeak of. | | 

19. I all here give a fuller Account of the ſmall elliptic 
apparent Motion of each Star about its true Place, which I 
have already begun in a former Annotaticn. And in order to 
underitand the Force of the Argument, the following Repre- 

Plate ſentations are neceſſary, vis Let 8 be the Sun, A BC D the 
LXV. Earth's Orbit; and from 8 ſuppoſe a Perpendicular erected, 
Fig. 5,0,7+ as SP, paſling through a Star at P. Now if the Spectator 
were at S, he would view the Star in the ſame Perpendicular, 
and in its true Place P, projected in the Point p in the viſible 
Surface of the Heavens. But if the Spectator be carried 
about the Sun in the Circle ABCD, whoſe Diameter is ſen- 
üble at the Diſtance P, or ſubtends a ſenſible Angle APC, 
then in the Poſition A he will ſee the Phanomencn P in the 
Right Line APa, projected in the Point a. For the ſame 
Reaſon, in the Points B, C, D, the Star will appear in 6, c, 4; 

ſo that it will ſeem to have deſcribed the little Circle abc d. 
20. If the, Diſtance of the Star SP be ſo great, that the 
Diameter of the Earth ſubtends no ſenſible Angle, but ap- 
pears as a Point, then will alſo the ſmall Circle a6cd become 
inſenſible; and all the Lines AP, BP, Sc. may be eſteem d 
perpendicular to the Plane of the Ecliptic, and be directed 
to the ſame Point in the Heavens with the Perpendicular SP, 


Poles 
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Poles is above the Horizon, and the other below 


as to Senſe. So that in this Caſe the Star P would ever ap- 
pear in the ſame Point p, if Light were propagated in an In- 
ſtant. 

21. But if in this very Caſe, in which the Star is ſo re- 
mote, Light be propagated in Time, or with a certain Ve- 
locity, then as the Earth deſcribes its Orbit a Spectator will 
ſee the Star in an oblique Direction, and not in the Perpen- 
dicular, as we have formerly ſhewn: That is, if GF be a 
Tangent to the Earth's Orbit in B, and BE perpendicular to 
the Plane of the Ecliptic in the Point B, then while the Earth 
moves through the indefinitely ſmall Arch GB, a Star at E 
will appear to move from E to e, or to be in e when the Earth 
arrives at B. 

22. Now ſince the Diſtance SB is but a Point with reſpe& 
to the great Diſtance SP of the Star, it follows, that we 
may refer the Spectator from the ſeveral Points A, B, C, D, 
to the central Point 8, for obſerving the Phenomena of the 
Star at P, which will not be alter d thereby. Therefore if 
ca be parallel to AC, and you make the Angle PSA equal to 
the Angle E Be, tis plain the Star P muſt appear in a, in the 
Direction Sa. Alſo when the Earth is at D, the Star will be 
_ in the oblique Pirection Sc at c, che Spectator being re- 

d to 8S. 

23. For the like Reaſon, wiz. becauſe 5 is parallel or 
alike fituated in reſpect of DB, and to the Tangents in D and 
B, therefore the Star at P will appear in 4 and & when the 
Earth is at C and A ; and ſo during the Space of one Year 
the Star P will appear to deſcribe a {mall Circle adc6b, ſuppo- 
ling the Star in the Zenith E of the Spectator; but if the | 
Star be at any Diſtance from the Zenith, the ſaid ſmall Cir- 
cle will become an Ellipſe, as in Fig. 7. 

24. Theſe ſmall elliptic Motions of the Stars occaſion'd 
their Declinations to vary, and alſo their Diſtances from the 
Poles of the World, and that by the Space of 20% on one 
Side and on the other. Now this could. not happen on any 
account of Refraction. becauſe the ſame thing was as well ob- 
ſerved of Stars near the Zenith, where there is no Refraction, 
as elſewhere ſituated. Nor could it reſult from any Nuta- 
tion of the Earth's Axis; for that would have made the equal 
Diſtances of the Stars on oppoſite Sides of the Pole unequal, 
which never happen'd. 

Ps Neither can this be a Parallagic Motion of the Stars; 
while the Earth deſcribed dhe Half of its Orbit ABC; 


it; 
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it; and the Equinoctial and its Parallels obliquely 
cutting the ſame (CXLVI). 


the Star would decſcribe the Semicircle abc ; whereas it is 
found by Obſervation, that the Star deſcribes the ſaid Semi- 
tircle abc while the Earth deſcribes its Semi · Orbit BCD. (See 
Art. 22, 23.) Therefore it muſt ariſe ſolely from the Velocity of 
Light bearing a ſenſible Proportion to the annual Motion of the 
Earth ; which accounts for all the Phenomena to the greateſt 
Exactneſs, without any the leaſt Difficulty or Intricacy ; as 
they may ſee who will conſult the Prefeſſors own Account in 
the 7ranſafions, and what Mr. Sym/on and Mr. Mac Laurin 
have wrote on this Subject. ; 


(CXLVI) 1. The three Poſitions of the Sphere here de- 
ſcribed are repreſented in ſo many Figures ; the firſt of which 
is the Direct or Right Sphere, which is proper to thoſe People 
only who live ander the inoctial Circle A Q, becauſe to 
them the Poles of the World P and 8 will both be in the Ho- 


| The ſecond: here 
„ 2. The Fi the Parallel Sphere, w 

ihe Axis of the Barti PS ix | to the Horizon, of 
the Poles P, 8, are in the Zenith and Nadir. This Poſition 
of the Sphere is peculiar to the Parts of the Earth under each 
Pole ; whoſe Inhabitants, if any there were, would perceive 


3. The Oblique Sphere is repreſented in the third Figure 
In this the Axis of the World PS makes 
with the Horizon HO, of a 


the Pals. 

4+ Arch PO meaſures the Altitude or Height of the 
Pole, or what is commonly call'd- the Polt Elevation ; and 
this Arch PO is ever equal to the Latitude of the Place EZ, 


two 
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f Taz Problems on the Celeſtial Globe are the fol 
lowing. | 


PROB. I. To rettify the Globe:. 
1 El xvArE the Pole to the Latitude of the Place; 
| and every thing as directed under PROB. II. of 


7 
the Terreſtrial Globe, which ee. 
| 


PROB. II. To find the Sun's PlAck in * 
Ertliptic: 

Finp the Day of the Month in the Calendat 
on the Horizon, and right againſt it is the De- 
gree of the Ecliptic which the Sun is in for that 
Day. 

PR OB. ill. To find the Sun's rene ad : 

RecTixy the Globe, bring the Sun's Place in 
the Ecliptic to the Meridian, and that Degree 
which it cuts in the Meridian 1s the Declination 
required. 


or Arch Z P, the remaining Arches Æ Z = PO; which wis 
to be ſhewn, 

5. Hence appears alſo the Reaſon of the Method of rectifyin 
the Sphere or Globe for any given Place Z, or Latitude A 
viz. becauſe if the Pole P be elevated fo high above the Ho. 
rizon as the Place is diſtant from the Equator, the ſaid Place 
will then be the higheſt Point of the Globe, and conſequent- 
ly that to which alone all the Phenomena of the Heavens and 
the Earth, in ſuch 4 Poſition of the Globe, can agree. 

6. Hence alſo we obſerve, that the Completnent of the 
Latitude Z P is equal to the Elevation of the Equator AH 
above the Plane of the Horizon. Fot ZZ E ZP = (EP 
=ZH=) ZZ Þþ ZH; therefore ſubduct the common 
Part ZZ, and there remains on each Side ZP = EH! 
which was to be ſhewn. Whence the Angle ZEP = 

E 

7. Any Great Circle of the Sphere x afling through ths 
Zenith and Nadir Z and N, as Z EN, Z AN, are call'd 4. 
Zimicths or Vertical Circles ; of which that which paſſes throagh 
the Eaſt and Weit Points of the Horizon, as ZEN, is calf 


Vor. IL Ft PROB: 
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PROB. IV. To find the Sun's Ricur As- 


CENSION : 


Bain the Sun's Place to the Meridian, and 
the Degree in which the Meridian cuts the Equi- 
noCtial is the Right Aſcenſion required. 
PROB. V. To find the Sun s Anpiituope : 
Barxo the Sun's Place to the Horizon, and 
the Arch of the Horizon between it and the Eaſt 
or Weſt Point is the Amplitude, North or South. 


PROB. VI. To find the Sun's ALTiTUupE for 


any given Day and Hour : 

Brinc the Sun's Place to the Meridian; ſer the 
Hour-Index to the upper XII; then turn the 
Globe till the Index points to the given Hour, 


where let it ſtand; then fcrewing the Quadrant of 
Altitude in the Zenith, lay it over the Sun's Place, 
and the Arch contained between it and the Hori- 


the Prime Vertical. The Arch of the Horizon AE is the 
tude of a Fhznomenon emerging above the Horizon at 
the Point A; this is call'd the Ortive Amplitude, — it is 
ring ; as on the Weſtern Side it is call'd the Oc 

tude, becauſe it is there ſetting. The 8 

a Quadrant of Altitude ZA 1s the Altitxde of any Celeſtial 
Body at B, _ 

8. As I judge this a proper Place, I ſhall here explain the 
Philoſophical Principles of Gnowon les, or che 4rt of DIAZ- 
Ling. In order to this we are to conſider, that as the Time 
which paſſes between any Meridian's leaving the Sun and re- 
turning to it again is divided into 24 Hours, ſo if we con- 
ceive a Sphere to be conſtructed with 24 of theſe Meridians, 
the Sun will orderly come upon or be in one of them at the 

ng of every Hour. Such = Sphere may be repreſent- 

ed by the Figure PDSB, where the ſeveral Meridians are 

- repreſented by P1S, P2S, P3S, and fo on to twice 12, or 24 
in all, 


9. Since theſe Meridians divide the EquinoRtial into 24 
vel Fare, each Part will contain juſt 15*, becauſe 15 x 24 
20. 
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ron will give the Degrees of Altitude required. 

PROB. VII. To find the Sun's AztuurTn for 

any Hour of the Day: 

Every thing being done as in the laſt Problem, 
the Arch of the Horizon contain'd between the 
North Point and that where the Quadrant of Al- 
titude cuts it, is the Azimuth Eaſt or Weſt, as 
required, 

PROB. VIII. 27 find the Time when the Sun 

riſes or ſets: 

Fino the Sun's Place for the given Day; 
bring it to the Meridian, and ſet the Hour-Hand 
to XII; then turn the Globe till the Sun's Place 
touches the Eaſt Part of the Horizon, the Index 
will ſhew the Hour of its Riſing: After that, 
turn the Globe to the Weſt Part of the Horizon, 


== 360* == the whole Circle; and ſince all the Meridians 

through the Poles of the World, the Planes of thoſe 
_ Meridians all interſect each other in one common Line PS; 
which is the Axis of the Sphere, therefore the faid Axis PS 
is in the Plane of each of the 12 Meridian. 

10. Suppoſe Z to be the Zenith of any Place, = Lakin 
and DW BE the Plane of the Horizon fix'd within the Sphere; 
conſtruted-with the faid 12 Meridians or Hoar-Circles, 1, 
2,2, 3,3, 4,4; Cc. then will the Axis of the 8 phere P'S pa 
through the Center of the Plane at N, ſo that one Half NP 
mur and the other Half NS below it. 

now this Diallinę · pbere to be ſuſpended by 
Point „and moved about fo as to have the Points D 
— rg South and North Points of the Horizon, and 
E and W in the Eaff and e Points; then will the Sphere 
have a Situation every way ſimilar to that of the Earth and 
Heavens with reſpect to the given Place Land, and the Axis 
of the Sphere to that of the Earth. 

12, Therefore the Sun ſhining on fuck « hore vill bo 
attended with all the ſame Incidents, and produce all the fame 

Leds, as would happen if the fad Sphere were at the Cen- 


Ffs and 
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and the Index will ſhew the Time of its Setting 


for the given Day. 


PROB. IX. To find the Length of any given 
Day or Night: - 
TuIs is eaſily known by taking the Number 
of Hours between the Riſing and Setting of the 
Sun for the Length of the Day ; and the Reſidue, 
to 24, for the Length of the Night. | 

PROB. X. To find the Hour of the Day, hav- 

ing the Sun's Altitude given: 

BRING the Sun's Place to the Meridian, and 
ſet the Hour-Hand to XII; then turn the Globe in 
ſuch manner, that the Sun's Place may move a- 
long by the Quadrant of Altitude, (fix'd in the 
Zenith) till it touches the Degree of the given 
Altitude; where ſtop it, and the Index will ſhew 


a to I 
thoſe Parts of the Circles which are in the Eaftern Hemiſphere, 
and from Noon to Midnight it will paſs over all thoſe in the 


Weftern. It is alſo farther evident, that while the Sun is in 
the Eaſtem Hemiſphere it will be firſt below and then above 
the Plane of the Horizon, and vice verſa on the other Side. 

14. Again: When the Sun is upon any one of theſe Hour- 
{ „ by ſhining upon the Axis it cauſes it to caſt a Sha- 
dow on the contrary Side, on the Plane of the Horizon, on 


the nether or upper Surface, as it is below. or above the ſaid 


Plane. This Shadow of rhe Axis will be preciſely in the Line 
in which the Plane of the Hour-Circle would interſect the 
Plane of the Horizon: If therefore Lines were drawn through 
the Center N, joining the Points on each Side the Plane where 
the Howr-Cugles touch it, a 4N4, 5 N 5, NG, Sc. the 


on 
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on the Horary Circle the Hour required. 
PRO B. XI., To find the Place of the Moon 
or any PLANET, for any given Day: 
Take Parker's or Weaver's Ephemeris, and 


againſt the given Day of the Month you will find 


the Degree and Minute of the Sign which the 
Moon or Planet poſſeſſes at Noon, under the Ti- 


tle of Geocentric Motions. The Degree thus found 


being matk'd in the Ecliptic on the Globe by a 


ſmall Patch, or otherwiſe, you may then roceed 


to find the Declination, Right Aſcenſion, titude, 
Longitude, Altitude, Azimuth, Rifing, Southing, 


Setting, Sc. in the ſame manner as has been ſhewn 


for the Sun. 


PROB. XII. To explain the u ts 
HaxvesT-Moox. 
In order to this we need only conſider, that 


Shadow of the Axis will fall on thoſe Lines ar the: Beginaing 
of each reſpective Hour, and thereby indicate the Hour-Circle 
(init apes os of ms 2p. 

5. Theſe Lines ate therefore pro ly call'd Hour-Line ; 
a the reſt, that which the Hour of 12 at 
Noon is NB, half the Meridian-Line DB ; whence it ap- 


„that the Hour-Lines N1, N 2, N4, &c. which ſerve 


the Afternoon, 9 _ 


Plane is greater or leſs, 2 
will poſſeſs above the Horizontal Plane will 
or leſs. Thus when the Sun is at 


AEQW, de plain, ſince the Arch E = 'EQ, the 
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un . 
will apply to fix Hour-Circles be ** 2 Horizon, and to fix 


above it, in each Half of the Da 

on that Day the Shadow wil Peas but 13 
3 och Surface IK | 
1 Fr, when 
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when the Sun is in the Beginning of Aries, the Full 
Moon on that Day muſt be in the Biginning of 
Libra: And ſince when the Sun ſets, or Moon 
riſes, on that Day, thoſe Equinoctial Points will 


de in the Horizon, and the Ecliptic will then be 


leaſt of all inclined thereto, the Part or Arch 
which the Moon deſcribes in one Day, viz. 13 
Degrees, will take up about an Hour and a Quar- 
ter aſcending above the Horizon ; and therefore 
ſo long will be the Time after Sun-ſct, the next 
Night, before the Moon will riſe. But at the 
oppoſite Time of the Year, when the Sun is in 
the Autumnal, and Full Moon in the Vernal E- 
guinox, the Ecliptic will, when the Sun is ſetting, 
have the greateſt Inclination to the Horizon; and 
therefore 13 Degrees will in this Caſe ſoon aſ- 
cend, viz. in about a Quarter of an Hour; and 
aro Path for that Day being the Tropic ſelf CRF, . 

manifeſt the Sun in the Forenoon aſcends above the Plane in 


Circles of 3 and 4 in the M 
e Afternoon between the Hours o 


3 4- 

18. From what has been ſaid tis evident, that if the Cir- 
cles be ſeppoled removed, and only the horizontal Plane re- 
main, with the Half of che Au N P above it, in the ſame 
Poſition as before, then ſhould we have conſtituted an Hox1- 
20nTAL DIA, every way the ſame with thoſe in common 
Uſe, as repre er wich only the Addi- 
tion of a Subſiyle PO, to render the Style NP very firm. 

10. Hence appears the Reaſon why the Gemen or Style 
NP in thoſe Dials is always directed to the North Pole, and 
3 an An PNO with the Hour of 12 


B as is equal to the le of the Place: Fall, the Bag 
a 0 


The Uſe of the GLoses. 


fo long after Sun-ſet will the Moon riſe the next 
Day after the Full : Whence, at this Time of the 
Year, there is much more Moon-Light than in 
the Spring; and hence this Autumnal Full Moon 
came to be call'd the Harveſt Moon, the Hunter 
or Shepherd's Moon: All which will clearly be 
ſhewn on the Globe. 


PROB. XIII. To repreſent the Face of the 


. Starry Firmament for any given Hour of the 
Night : 

Recrtiey the Globe; and turn it about, till 
the Index points to the given Hour; then will 
all the upper Hemiſphere of the Globe repreſent 
the viſible Half of the Heavens, and all the Stars 
on the Globe will be in ſuch Situations as exactly 
correſpond to thoſe in the Heavens; which may 
therefore be eaſily found, as will be ſhewn. 
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ſon why the Number of Hour-Lines on theſe Dials exceeds 


not 16, and are all drawn from 6 to 12 and 6 again on the 
Northern Part, the reſt on the Southern ; and why the Hour- 


Line of 6 lies direflly Ben and %, as that of 12 does | 


| North and South. - 


20. If a Plane be fix'd with che ſame Sphere in « Vertical Plate 
Poſition, or Lr >=: jen = 


the Plane of the Prime Vertical, i. e. 
Nane ue ll the AS ED aan the Center of © 


the Plane N, and the lower Semiaxis NS will by its Shadow 


mark out the Hour-Lines/ on the Southern Surface, and the 
Semiaxis NP will do the ſame on the Northern. Theſe 
- Lines are determined in the ſame Manner as thoſe on 
the Horizontal Dial; and it is plain, the Sun cannot come on 
the Southern Face of this Plane before Six in 6 
nor ſhine on it after Six in the Eveni 


21. Alſo it is evident, that all the fours before Rix in the 


Morning, and after Six at Night, will be ſhewn on the North- 
ern Face or Side of ths Pla, for the Time of the Sun's be- 
ing above the Horizon in any Place. Hence the Reaſon of 
rect South and North * appears ; the lat, 
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PROB. XIV. To find the Hour when any 
known Star will riſe, or come upon the Me- 
ridian : | 


7 

Rrcrirv the Globe, and ſet the Index to XII; f 
then turn the Globe till the Star comes to the 

Horizon or Meridian, and the Index will ſhew f 

the Hour required. 

PRO B. XV. To find at what Time of the 


Year any given Star will be on the Meridian 
at XII at Night: | | 
Ba xo the Star to the Meridian, and obſerve 
what Degree of the Ecliptic is on the North Me- 
ridian under the Horizon; then find in the Ca- 
! lendar on the Horizon the Day of the Year a- 
: 


gainſt that Degree, and it will be the Day re- | 
quired. (CXLVII, | 


| 
| 
| ter of which is here repreſented a apart from the Sphere, with 
| + its Style N'S, Subſtyle, and Hour-Lines : And the ſame may 
i 7. be conceived for a North Ere& Dial. 
1 8. 22. The Cases N$ contains an Angle SND=ZNP 
1. 6 with the Meridian or Hour-Line of 12, wiz. Z D, which is 
4 exactly the Complement of the former PN B to 90 Degrees ; 
4 or the Elevation of the Gxomon is in theſe equal to the Com- 
vi | plement of the Latitude of the Place : what has been 
1 week ſaid about the Reaſon of the Hoyr-Lines is the ſame for the 
q! Half-Hours, Quarters, (c. Likewiſe if the Rationgle of a 
# Dire South Dial be underſtood, nothing can be difficult to 
1 — ꝙ den aeiutos Slooch 
| — but declines therefrom any Number of Degrees to- 
[it e Eaſt or Weſt, But they who would know more of 
IH | "the 2 1 — Structure and Calculations for ali Sorts of 
By Dials may haye Recourſe to the Second Volume of my Young 
F | * Trigenometer's Guide, or other Rooks on that SulyeRt. | 


(CXLVII) 1. 1 Pall here repreſent the Caſes of theſe 
 Aftrongmigal Problems, as they are performable by the Cir- 
74 - Fles of the Celeſtial Globe, or by the A A je Pro- 

Fein 1 * Sphere iz To Thyy 


W 


Tugss 


py — 
do — _- — — 
— — 

» 
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Globe: We now proceed to thoſe: on the Ter- 


retrial ; but ſhall firſt premiſe the following De- 
finitions relating thereto. 
I. Tux LArrrupz of any Place is its Di- 


ſtance from the Equator towards either Pole; and 


is reckon'd in Degrees of the General Meridian, 
beginning at the Equator." | 


II. LonciTupe” is the Diſtance between the 


Meridian of any Place, and the firſt or ſtanding 
Meridian, reckon*d in the Degrees of the Equa- 
tor towards the Eaſt or Welt. . Off 

III. A CLiMATE is a Space of the Earth's 
Surface, parallel to the Equator, where the Length 
of the Day is balf an Hour longer in the Parallel 
which bounds it on the North, _ in that which 
terminates it on the South.” 0 

IV. A Zons is alſo a Diviſion of the Earth's 


Surface parallel to the Equator, in regard of the 


different Degrees of Heat and Cold, which we have 
deſcribed in the preceding Lecture. 

V. Taz AnToOEc1 are thoſe Inhabitdnts of the 
Earth, who live under the fame Meridian, but on 
oppoſite Parallels, and are n— equally di- 


32 


Let AN Ns be the General 3 
NS the Axis of the 8 
AQ the Equinoctial Li 
HO the Horizon of "Lin. | 
ß the Ech or Sun's Path. a 
Z D the Prime” 
EP the Axis'of the Ecliptic. | 
NAS an Hour-Circle or Meridian. | 
mn 5 


| 
. 
4 & 6 
= . nt 


tical, or Azimuth. n 


—— 2 — 
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ſtant from the Equator. Their Noon and Mid- 
night are at the ſame Time; the Days of ene are 
equal to the Nights of the other; and their Sea- 
ſons of the Year are contrary, 

VL Tat Pzr108c1 are thoſe People who hve 
under the ſame Parallel, but oppoſite Meridians, 
The ſame Pole is elevated and depreſs'd to both 
are equally diſtant from the Equator, and on the 
ſame Side; when Noon to one, it is Midnight to 
the other; the Length of Days to one is the 
Complement of Night to the other, and the con- 
trary, and the Seaſons of the Year are the ſame 
to both, at the ſame Time, Tt 

VII. Tas Axrirodzs are thoſe who live Feet 
to Feet, or under oppaſite Parallels and Meridian. 
They are equally diſtant from the Equator on dif- 
ferent Sides; have the contrary Poles equally ele- 
vated ; the Noon of one is Midnight to the other; 
the longeſt Day or Night to one is ſhorteſt to the 
other; and nn 
Sc. 

VIII. Arso the Inhabitants of the Torrid Zone 

are call'd Aurziscl, becauſe their Shadows fall 
on both Sides of them. 
IX. Trosz of the N Zone are called 


EYP a Circle of I 
Is the Tron: OS . 
F V the Tropic of Capricorn. 

2. By means of theſe Cireles various Spherical Triangles 
are form'd for Calculation. Thus let A be the Place of the 
e annere 
we have 

CA the Sun's s Place, or Longitade from the Equinox C. 
AX the Sun's Dechnion North. 


* Px r18c11, 


ry © 
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pexiscll, becauſe their Shadows fall all around 
them. | 
X. Aup the Inhabitants of the Temperate 
Zones are call'd HzTzRosc11, becauſe they caſt 
their Shadows only one way. 5 


Space of Land, comprehending divers Countries 
and Kingdoms, not ſeparated by Water. 

XII. An IsLanD is any ſmall Tract of Land 
ſurrounded by Water. 

XIII. A PzninsvuLA is a Part of Land en- 
compaſ®d with Water all around, except on one 
Part, which is call*d | 

XIV. Ax Isrnuvus, being that narrow Neck 
of Land which joins it to the Continent. | 

XV. A PromonToORY is a mountainous Part 
of Land ſtanding far out in the Sea; whoſe Fore- 
part is call'd a Cape, or Head- Land. | 

XVI. Taz Oct an is the largeſt Collection of 
Waters, which lies between, and environs the 
Continents, | Ed 

XVII. THz SEA is a ſmaller Part of the aque- 
ous Surface of the Earth, interceding the Iſlands, 
Promontories, Sc. 

a XVilt. A Guts is a Part of the Sea every 


CX the Sun's Right Aſcenſion. 
ACX the Angle of Obliquity of the Echpric. | 
3. And ſuppoſing the Sun niling in the Horizon at M on 
the Day of the Sumner Trop, and NMS an Hour-Cirde; 
then there is form'd the Night · angled Triangle NOM, in 
Which we have 
NO = AZ = the Latitude of the Place Z. 
Mo the Amplitude from the North. 
? NM the Complement — 
: Where 


11 © , 


XI. A CanTinENT is the largeſt Diviſion or 


—— 


f 
: 
| 


—— 
— — — 
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where environ'd with Land, except on one ſmall 
Part call'd 

XIX. A STRAIT, which is that narrow Paſ- 
lage j joining it to the adjacent Sea. 

XX. A LakE is any large Quantity of ſtag. 
nant Water entirely ſurrounded by Land. 

Tux other Parts of Land or Water need no 


Explanation. 


*I $HALL now proceed to the Solution of thr 
moſt uſeful Problems on the Terreftrial Globe, firſt 
premiſing that the Latitude of a Place is equal to 
the Elevation of the Pole at that Place; for if the 
Arch of the Meridian between the Place and the 
Pole be added to the Latitude of the Place, it 
makes 90 Degrees; alſo if it be added to the 
Pole's Eleyation, or Arch between the Pole and 
Horizon, the Sum is 9o Degrees: Whence the 
Propoſition 1s evident. 

 PROB. I. To find the Latitude of any Place: 

Bam the given Place to the Brazen Meri 
dian, and obſerve what Degree it is under, far 
that is the Latitude required. 


PROB. II. To refify the Glebe for any given 


ONM the Angle of the Hour from 
OMN the Angle of the Sun's Ne 
4. On the ſame Tropical Day the Sun is at I at Six o Clock. 

becauſe the Hour-Circle of Six is projected upon the Axis 
NCs; therefore in the Right Triangle ICK we have 
* Ef an . * 

CF the at 

C een North. 


8 50 -g n | Raser 
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mall Ratsx the Pole ſo high above the Horizon, as 
is equal to the Latitude of the Place; ſcrew the 


Paſ- W Quadrant of Altitude in the Zenith; find the Sun's 


Place, and bring it to the Meridian; ſet the Hour 
Hand to the upper XII; and place the Globe 
North and South by a Needle; then is it a juſt 
Repreſentation of the Globe of the Earth, in te- 
gard of that Place, for the given Day at Noon. 

PROB. III. To find the Longitude of a given 

Place: 

BRIx the Place to the Brazen Meridian, and 
obſerve the Degree of the Equator under the 
ſame, for that expreſſes the Longitude required. 

PROB. IV. To find any Place by the Lati- 

tude and Longitude given: 

Bxixo the given Degree of Longitude to the 


tude you will ſee the Place required. 

' PROB. V. To find all thoſe Places which 
have the ſame. Latitude and Longitude with 
thoſe of any groen Place: 

Bring the given Place to the Meridian, then 
all thoſe Places which lie under the Meridian have 
the ſame Longitude: Again, turn the Globe 


5. Again; when the Sun on the ſame Day comes to the 
Prime Vertical LCD, his Place when due Eaft and Wt is 
at G; therefore in the — Triangle GBC we have 

GB the Sun's Declination 


GC the Siin's Aide when Eaſt or. Net. 1a. 
0 * 


BC the Hier” of his being Gee Eaſt. 

BCG the Latitude of the Plac 

6. Suppoſe the Sun in the Horizc 
in the Right-angled Triangle MCR $7 


Meridian, and under the given Degree of Lati- 


round on its Axis; then all thoſe Places, which 
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paſs under the ſame Degree of the Meridian with 
any given Place, have the ſame Latitude with it. 

PROB. VI. To find all thoſe Places whete 

it is Noon at any given Hour of ths Day, 1 
any Place: 

Bzinc the given Place to the Meridian; ſet 
the Index to the given Hour; then turn the 
Globe, till the ſaid Index points to the upper 

XII; and obſerve what Places lie under the Brafs 
' Meridian, for to them it is Noon at that Time. 

PROB. VII. When it is Noon at any one 

Place, to find what Hour it is at any other 
given Place: 

Baixo the firſt given Place to the Meridian, 
and ſet the Index to the upper XII; then tum 
the Globe till the other given Place comes to the 
Meridian, and the Index will point to the Hour 

® 

PROB. VIII. For am given Hour of tht 

Day in the Place where you are, to find th: 
Hour of the Day in any other Place: 
Bzinc the Place where you are to the Meri- 


CM the Amplitude from Eaſt of Weſt, 
IS. 
CR Aſcenflonal Difference. 
RCM the Co Laritude of the Place, 
RMC the Angle of P 

7. In the oblique Triangle AZN we have 
ZN the Co-Latitude of the Place Z. 
AN the Co-Declination. 
AZ the Complement of the Altitude AF. 
ANZ the Hier from Noon, equal to EX. 
AZN the Azimuth from the North. 

2 done W 


dian, 


gt 
N 
b. 
th 
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dian, ſet the Index to the given Hour; then 
turn the Globe about, and when the other Place 
comes to the Meridian, the Index will ſhew the 
Hour of the Day there, as required, 


PROB. IX. To find the Diſtance between 
any two Places on the Globe in Engliſh Miles: 
BrincG one Place to the Meridian, over which 
fix the Quadrant of Altitude; and then hying it 
over the other Place, count the Number of De- 
grees thereon contain'd between them; which 
Number multiply by 69 and a half, (the Num- 
ber of Miles in one Degree) and the Product is 
the Number of Exgliſb Miles required. b 
PROB. X. To find how any one Place bears 
from another : 5 
BIN O one „Place to the Braſs Meridian, and 
lay the Quadrant of Altitude over the other; and 
it will ſnew on the Horizon the Point * the 
Compaſs on which the latter bears from tie for- 
mer. 


8. Laſtly, let Y be any Star, then in the oblique Triangle 
YNE we have 
| YE the Co. Latitude of the Star, wiz. YE. 

NE= Ka = the Ollipuiy of the Edliptc 

= Es = the Obliquity of t ic 
NEY the Star's 1 Ecliptic. 
ENY the Hour for Midnight. 

9. For the Canons and Method of Calculation I ſhall refer 
the Reader to the Second Volume of my Young Trigonometer's 
Guide, what I have done being as much as the Nature of the 
Subject at preſent requires: And thoſe who have no Globes 
may ſolve moſt of theſe (and many other) Problems by my 
og Ln LO at a very ſmall Expence, and with 
the greateſt Exactneſs. n 

10. The Reaſon of the Phenomenon we call the Hanvesr- 
Moon is extremely eaſy by the Globe, and may alſo be re- 


PROB. 


" 
r — —— —ʒ —— —— — — 
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PROB. XI. To find thoſe Places to which th: 
Sun is vertical in the Torrid Zone, for an 
given Day: 

Fin Dp the Sun's Place in the Ecliptic for the 
given Time, and bring it to the Meridian, and 
obſerve what Degree theręof it cuts; then tum 
the Globe about, and all thoſe Places which paſs 


under that Degree of the Meridian are thoſe re- 


Fig. 2. 


quired. 

PROB. XII. To find what Day of the Year 
the Sun will be vertical to any given Place in 
the Torrid Zone: | 

Baixo the given Place to the Meridian, and 

mark the Degree exactly over it; then turn the 
Globe round, and obſerve the two Points of the 
Ecliptic which paſs under that Degree of the Me- 
ridian» Laſtly, fee on the Wooden Horizon, on 
vhag Days of the Year the Sun is in thoſe Points 
of tie Ecliptic; for thoſe are the Days required. 


preſented in a Diagram thus. Let HO be the Horizon, Z 
the Equinoctial; then will Tr be the Ecliptic, __ 
inni Aries is in the Weſtern Horizon ; but when the 


rizon. 

11. Whereas at the oppoſite Time of the Year, iz. at 
the Autumnal Equinox, if a Full-Moon happen, then the next 
Night the Moon's diurnal Arch to be elevated above the Ho- 
rizon is C6 = Ce; bat fince the Pofition of C4 is ſo much 
nearer to the Horizon than Cc, it will aſcend much ſooner 
above it, vi. in about one fifth Part of the Time, and ſome- 
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PROB. XIII. To find thoſe Places in the 
North Frigid Zone, where the Sun begins to 
ſhine conſtantly without ſetting, on any given 
Day between the 10th of March and the 10th 


ice in the Ecliptic for the 
given Day; briſ i the General Meridian, and 
obſerve the Degrees of Declination; then all thoſe 
Places which are the ſame Number of Degrees di- 
ſtant from the Pole, are the Places required to be 
found. 

PROB. XIV. To find on what Day the Sun 
begins to ſhine conſtantly without ſetting, on 
any given Place in the North Frigid Zone, and 
bow long: 

RecTiry the Globe to the Latitude of the 

Place; and, turning it about, obſerve what Point 


of the Ecliptic between Aries and Cancer, and 
alſo between Cancer and Libra, co-incides with 
the North Point of the Horizon; then find, by 


times in leſs, becauſe the Moon's Orbit ſometimes makes a 
er Angle with the Horizon than TCH = aCc, and 
etimes a leſs Angle than ;CH = ACI. But for more 


on this Subject ſee my Philoopbical Grammar. 


12. Becauſe in many Caſes it is abſolutely neceſſary to have 
a MEriDlan- 4 at hand, I ſhall here ſhew the beſt Way 
of making or drawing ſuch a one on any Plane where the 
Sun can ſhine, thus. * a ſtrait Braſs-Pih or Steel · Wire AB 


be fix'd upright in the Point A, on which Point as a Center +; I 
Fig. 3. 


you had before deſcribed ſeveril concerittie Circles, as CDE, 
GH, &c. Now to make the Pin AB exactly perpendicu- 
ar, let three Points be choſen in the outmoſt Circle, as F, G, 
H, in which place one Foot of the Compaſſes, and extend 
the other to the Top of the Pin B. The Pin is to be bent 
one way and the other, till the faid Point of the 


Vol. II. G 8 "the 


465 


| 
| 
| 
| 


4.66 The Uſe of the Glokks. 


the Calendar on the Horizon, what Days the San 
will enter thoſe Degrees of the Ecliptic, and they 


will ſatisfy the Problem. 
- PROB. XV. To find the Place over which 
0 the Sun is vertical, « given Day and 
Hour: 1 | | 


Finp the Sun's Place, Ming it to the Me- 
ridian, and mark the Degree of Declination for 
the given Hour; then find thoſe Places which 
have the Sun in the Meridian at that Moment; 
and among them, that which paſſes under the De- 
gree of Declination is the Fiace deſired, 

PROB. XVI. To find, for any given Day 

and Hour, thoſe Places wherein the Sun i; 
then riſing, or ſetting, or on the Meridian; 
alſo thoſe Places which are enlighten'd, and 
thoſe which are not : 

Flup the Place to which the Sun is vertical at 
the given Time, and bring the ſame to the Me- 
ridian, and elevate the Pole to the Latitude of the 


will fall nicely on the Middle of the Top B from each Point 
of the Cirele F, G, H, and then is the Pin well adjuſted. 
13. Then obſerving in the Forenoon where the Top of 
the Shadow AC touches any one Circle, there make a Mark, 
as at C; and then in the Afternoon make a Mark at E, where 
the Shadow's Point is in the ſame Circle again. Then biſect 
the Arch CE in the Point D, chrough which and the central 


Place 
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Place; then all thoſe Places which are in the 
Weſtern Semicircle of the Horizon have the Sun 
riſing, and thoſe in the Eaſtern Semicircle ſee it 
ſetting; and to thoſe under the Meridian it 1s 
Noon. Laſtly, all Places above the Horizon are 
enlighten*d, and all below it are in Darkneſs or 
Night. ” 

PROB. XVII. The Day and Hour of a Solar 
or Lutiar Eclipſe being given, to find all thoſt 
Plates in which the ſame will be vjſible: 

Find the Place to which the Sun is vertical at 

the given Inſtant, and elevate the Globe to the 
Latitude of the Place ; then in moſt of thoſe Places 
above the Horizon will the Sun be viſible during 
his Eclipſe; and all thoſe Places below the Ho- 
rizon will ſee the Moon paſs through the Shadow 
of the Earth in her Eclipſe. 

PROB. XVII. The Length of d Degree being 

given, to find the Number of Miles in a great 
Circle of the Earth, and thence the Diameter 

f the Earth: ' | 

Apm1T that one Degree contains 69 EngliA 
Statute Miles ; then multiply 360 (the Numbet 
of Degrees in a Great Circle) by 694, and the 
Product will be 25020; the Miles which mea- 
ſure the Circumference of the Earth. If this 
Number be divided by 3.1416, the Quotient will 
be 7963482, Miles, for the Diameter of the 
Earth. | 
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PROB XIX. The Diameter of the Earth 
being known, to find the Surface in Square 
Miles, and its Solidity in Cubic Miles: 

ApmiT the Diameter be 7964 Miles; then 

multiply the Square of the Diameter by 3.1416, 
and the Product will be 199@50205 very near, 
which are the Square Miles in the Surface of the 
Earth. Again, multiply the Cube of the Dia- 
meter by 0.5236, and the Product 264466789170 
will be the Number of Cubic Miles in the whole 
Globe of the Earth. 


' PROB: XX. To expreſs the Velocity of the 

duirnal Motion of the Earth: 

Since a Place in the Equator deſcribes a Cir- 
cle of 25020 Miles in 24 Hours, tis evident the 
Velocity with which it moves is at the Rate of 
10425 in one Hour, or 17 Miles per Minute. 
The Veloetty in any Parallel of Latitude decreaſes 
in the Proportion of the Co- Sine of the Latitude 
to the Radius. Thus, for the L of London, 


'51 deg. 30 min. ſay, 
As Radius — — — — | 10.000000 
To the Co- ſine of Lat. 51 deg. 30 m. 9.794449 


So is the Vel the at 6 
Mn, ow, en el 


To the Velocity of the © ON: of 


London, 10 % M. } 2.032195 


That is, the City of London moves about the Axis 
of the Earth at the Rate of 10, Miles every 
Minute of Time. But this is far ſhort of the Ve- 
# locity of the annual Motion about the Sun; for 
that 
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that is at the Rate of 60000 Miles per Hour, or 
about 1000 Miles each Minute, ſuppoſing the 
Diameter of the annual Orbit to be 82 Millions 
of Miles (CXLVIII.) 


(CXLVII) 1. I might here ſhew how the ſeveral Sphe- 
rical 'Triangles are form'd for the Solution of moſt of theſe 
Geographical Problems, as 1 did before for the Aftronomical 


ones; but as the Method is the ſame, I need not again repeat 


it. However, to facilitate the Ideas of the above Defini- 
tions, &c, I have added (as before mentjon'd) a Print of each 
Globe, as they are made with new Improvements by 
Mr. R. Cuſbce in Flectfircct., The Rationale of the ſeveral 
Methods of ſolving Problems of this Sort cannot be well 
ſhewn without an Eye upon the Globe, and a Praxis cum vi- 
vd voce of a Demonſtrator. 

2. I ſhall here ſubjoin a few Things relating to the Magni- 
tude of the Earth, and the Dimenſions of the ſeveral Parts, 
together with the Manner of acquiring the Knowledge there- 
of. Firſt then, the moſt natural, eaſy, and certain Method 
of doing this is, by firſt meaſuring the Length of a Degree of 


Latitude in the Meridian of any Place ; becauſe if the Mea- 


ſure of one Degree be once found, the Earth being ſuppoſed 
round, tis plain all the other Meaſures may eaſily be — 
from this. a | 
3. Thus if I take the Height of the North-Pole-Star in 
this Place wich a very good Quadrant or Sextant, and then 
roceed directly Northward or Southward, till by the ſame 
9 I find the ſaid Star raiſed or depreſſed. juſt e De- 
gree ; then tis evident I maſt have paſs'd over juſt one De- 
ree on the Earth's Surface; which therefore might be known 
y actual Menſuration, were it poſſible to find ſuch a Part of 
the Earth's Surface as is exactly even and ſpherical, and truly 
in the ſame Meridian. a 
4. Now this is ſcarcely to be expected any where, ex- 
cept in ſuch a Country as Holland, which is level, and when 
over - flow d with Water, and that frozen into Ice, the icy 
Surface may be near the Truth; and a Degree meaſured in 
the Meridian upon this Ice muſt of courſe be pretty exact, if 
due Regard be had to Refractions in taking the Height of 
the Pole. Thus Srellizs actually meaſured the Diſtance be- 
tween a Tower at Leyden and another at Sauter wade three times 
over, and then a ſtrait Line in the Meridian on the Ice, 


whence by a Trigonometrical Proceſs he meaſured a Degree ; 
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THERE is a geometrical Method of deſcribing 
the Superficies of the Celeſtial and Terreſtrial 


E Mr . — — gyro toe the 
indefatigable benbroeck attem 

and form'd Triangles upon the — Baſe of Hale 
worn 1700, and found . . ban bby * 


2, Norevoed, which reſulted from his meaſuring 
the Diſtance between Londen and York, which __— in 
of a 


The Paris Foot, 1.068 
LL. CS Fon, 1.033 


EI bY Picard) the troe Meaſure r at 


Pri, will be 5692 6, Toiſes. 
5 , | 


8. Now fince the 
beck of nie om the Meth Cat ror nee Re AR 


gical Form, but muſt be a Spheroid; and fince theſe great Men 
d in their Accounts of what Sort this heroid was, Sir 


aac ſhewing it to be an Oblate $ Caffini ſtrongly 
contend r the Oblong 8 King of France was 
pobly d to have this decided, and ac- 
Ne ir ate Es Can ar by cp er 

| , and at the Po ez com them 
bin the of a De near Paris, it — 8 — ' 


whether the Earth were or flat towards the Poles. 
9. Upon this Buſineſs he order'd two Voyages, one to Pe- 
u, the other to the 4-#ic Circle. The Succeſs of the for- 


br ben fn known thoſe who mage it not being heard of 


7 


22 
i 
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of the Sphere in Plans: Thus, one Half of the 
Globe is projected on one Sige of the Plane, and 
the other Half on the other; and if the Plane be 


till lately; and returning in Time of War they were diſperſed, 
and their Papers ſuppoſed to be loſt or concral'd as yet, for 
none are to be found in the Ships that fell into Eng/i Hands. 
But thoſe Mathematicians who went Northwards finiſh'd their 
Deſign with great Accuracy, and have ſince publiſh'd an Ac- 
count of the ſame. 

10. And fince a Determination of the Figure of the Earth, 
and its Dimenſions by actual Menſuration, is a Problem of 
the higheſt Concern in Navigation, Aftronomy, Geography, Le- 
velling, Hydraulics, &c. I think it quite neceſſary the Reader 

have an Idea of the Manner in which this was effected 
by the French Mathematicians, and which therefore I ſhall 
give from the Book entitled The Figure of the Earth deter- 
min d, &c. by Maupertuis. 

11. The arduous Taſk was perform'd in Laf/and by Meſ- 
ſieurs Clairaut, Camus, Le Monnicr, Maupertuis, the Abbe Ou · 
thier, and M. Celſius of Upſal. They fat out for Stockholm, 
and from thence for the Bottom of the Gulph of Bobnia. 
Being arrived at Tornea they began their Work; for from 
thence they ſat out, July 6, 1736, to reconnoitre the Coun- Plate 
„ which I have here added their Map, by which the LXIX. 

ir is made eaſy to underſtand. 

12. Aſter twelve Hours Voyage up the River, they came 
to the Hamlet Korpity/a, and from thence through the Foreſt 
they went on Foot to the ſteep Mountain Niaua, whoſe Sum- 

mit, (a bare Rock) they made their firſt Station. Farther up 
the River they met with another high Mountain call'd Au- 
ſara, on the Top of which they built a Signal. They then 
went up the River Tenglio, and croſs'd a Moraſs to the 
Mountain Herri/akero, where they built another Signal. From 
hence they return'd back again, and in their Way croſs d the 
Foreſt to another very ſteep Mountain call'd Cuitaperi, which 
afforded a very fair Proſpe to all the reſt. 1 

13. After this they went ſome to one Part, and ſome ta 
another, and built Signals on the Summits of other Moun- 
tains, viz. Katama, Pullingi, Niemi, and Kittis, near the Vil- 
lage Pello. Then taking the Angles which the Viſual Rays Fig. 2. 
made connecting the ſeveral Signals by a Quadraut of wwo 
Feet Radius, furniſh'd with a Micrometer, they conſtituted a 
8 Figure TCAPQNE, extending from the Tower 
the Church of Torzea at T, to Aittis at Q. 
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that of the Ecliptic or EquinoRial, as in the 
Caſe of the Celeſtial Globe, theſe Projections are 
then call'd the Celeſtial 3 But with 


4. And becauſe the Truth of their Work may the better 
| 3 I ſhall here ſet before the Reader the Sum of all the 
| Angles, of which the ſeveral Angles of the Heptagon did 


conſiſt, viz. 
es 8 
1. The Angle IS. = 24 23 $4.6 
| RCT = $37 9.48 
* The Wel = SKCH = 100 9 56, 8 
HCA = 30 56 53,4 
" CCAM = 123 22 46,6 
APH = 31 19 55,5 
4. The Angle APQ = ) ne == $7 32: „ 
fs - GE  CNPQ = 87 52 24,3 
5. The Angle PQN = 40 14 52,7 
NP = 51 53 43 
6. The Angle ON = 4 
HNK = 27 11 53,3 


 \NKH= 9 41 47,7 
7. The Angle NET = (HKC = 43 45 35,6 
te wes ft COST = 118 28 12 


The Sum of all, goo 1 37 


15. But fince the Angles of any Polygon are equal to twice 
the Number of Right Angles that the Figure has Sides, aba- 


— 4, therefore the Sum of the Angles of a Heptagon i is 


14—4 = 10x 90? = goo?. Hence if their He 


had been taken on a Plane it would have exceeded the Sh 


bat by 1/ 37”; but ſince the Figure lay on a convex Surface, 


the Sum cught to be a little more than qooꝰ And thence it ' 
appears to what a ſurpriſing Degree of Exactneſs they attain'd 
in this Undertaking. 
16. Now in order to meaſure the Merid an Line QM, 
which lay 9 the Middle of the Heptagon, or rather the 
ine q m,. which was the correct Diſtance between the two 
arallels where they made their ¶Hfrenomica] Obſervations with 
2 Sector, (whoſe Accuracy is incredible, and of a Structure 
not here to be deſcribed) I fay, in order to meaſure this Line 


arm, it = neceſſary to begin with ſome Baſe Line to be Bf 


regard 


28 


8 22 


ob hd en 


CA 


2 2 


4 
„ (gn ft 


— 


QM == 549 42-57- 


DP + EF + CG = 54940 39-< 
aN + Ly == 54944 +76, 
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regard to the Terreſtrial Globe, they are gene- 


rally made on the Plane of the General Meridian 
or Horizon, and then they are commonly calPd 


of all meaſured, and then to compute a fundamental Trian- 
gle or two, for the Grounds of their future Work. 


17. Thus they pitch'd on the Diſtance between Niemi/oy 


and the Village Piki, for the Baſe Line Bb, becauſe it lay 


along the River, and could be moſt accurately meaſured on 


the Ice. It was meaſured twice over, and 
Toiſes. Feet. In. 
The firſt Menſuration gave — 7406 5 © 
The ſecond —— —— —— 7406 5 4 


The mean Length therefore is —— 7406 5 2 
18. Having this Baſe Line known, they calculated the 
two Triangles A B&S and ABC, from which they found the 
Diſtance between Awve/axa and Cuitaperi to be 8659,94 = 
AC; from whence they proceeded to find the Sides and An- 
gles of all the other Triangles round the Figure, as AHC, 


AHP, PN, CTK, &c:. and from thence having found 


the Sides AP, PQ, NK, KT, TC, they form'd the Right- 
angled Triangles AEP, AFC, PDQ, CGM, by drawing 
EF, GC, PD, at Right Angles to the els paſſing thro” 
Qand M, and paralle] to the Meridian Line QM ; and the 
— did on the other Side the Figure, as is there re- 
ented. 

19. Having thus meaſured the ſeveral Lines, they were 
found as follows. | 


PD = 9350,45 On the other Side. 
AE = 14213,24 Nd = 13297,88 
AF = 8566,08 KL = 24995,83 
CG = 22810,62 Kg = 16651,05 
Total, 54940,399— — 5494476 
5494,39 


Therefore at a Mean the Meridian Line is QM = $4942-57 
29, By very accurate Methods they deduced the Length 
of the Line qm = 55020,09 Toiſes, and the ſtill more cor- 
rect Diſtance qu == 55023,47. But this Diſtance or Arch qu, 
by the niceſt Aſtronomical Obſervations and Corrections, was 
found to be equal to 57/ 28,67 of a Degree. Therefore, 
As 57! 28",67 is to 55023,47 Toiſes, ſo is 60/, or 1 Degree, 
to $743749 Toiſes in one Degree at the 4r&ic Circle. 
SS on _ Maps 


% 
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Maps of the World: And the ſeveral Circles, and 
Parts of the Surface of one Hemiſphere, are ſo 
delineated on the ſaid Plane, as they would ap- 


21. If therefore from the Length of a Degree here, vin. 
_——_— CD ee, e eee 
1 $ 56925,7 
che Difference will be— —— 512,2 Toiſes, 
or 3282, 878 Feet of EAN, Meaſure. 

22. Hence, having the of a , the Radius 
of Curvature is for any of the Elliptic Meridian. 
For let R denote that Radius, then it is 3,1416: 1 :: 


360 : zR :: 180: R; therefore R = _ ; T'R = 
3,1416 


DI; and let 1, 7, s, denote the Radius, 
of the Angle IB D; and laſtly, let AI r. 


I T1 , ad fort — 1 i. Theor. I. 


J A 0A r i» Þ 


1 —_—— Mt * th. M0. 4A 1” flw©o 
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pear thereon to an Eye placed in the Pole, or 
middle Point, of the other Hemiſphere. Hence 
it will come to paſs, that the Stars and Conſtel- 


II: n: DP = ty, Theor. V. 
% IB = Z. Ther. VI, 


7 1 5 DB 2 Theor. VII. 


Dx De: DI* :: CET: CPI. 
g. —XxX: J9 22: KKR: 1 1: 4. Theor. VIII. 
10 CD: CEM CE: CF, fer Comes, ® 
ihr: S 1: S: x+ 5, 
Iz RZ = x* r, or - = 75x. 
I3jl:@attyx:iy* tx: 5. 


14] Sata, or ==. Theor. IX. 
5 = > = DB. Theor. X. 


atx, „ = + xty = = + at* x*. 
* =x*x 1 + att, **$=xV I arr. Th. XI. 
K | 


* = ,.40 58 » Theor, XII. 
Fan 1 + att 
atx 
19 er Theor, XIII. 


20 DC: DB:: : a4 2 1: : * 22 


„zi CD: EB :: 1: 122 :: Cd: C6. 
6): 332 1: 1—a. 
G1: gl :: BF: DF, becauſe 161: FBI. 
By :: BF: DF—aDE. ; 
2581: BS :: AI: AB:: BF: DF —aDE. 
260IB: AI:: BD+ aDF : BF = BD + DF, 


= a 
Addr es Ar 


2 tri iat: ett = 
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lations of the Hemiſpheres, and the Parts of 
Land and Water in the Maps, are not repreſent- 
ed in their natural and juſt Diſtances, and in their 


| 2 4 =4 4 oy Fart _ + att Ther. XVI. 
2241 4144272 


Whence alſo 32% — A —— Theor, XVII. 


2 
QT x3 — art 


La! ew = het xr for 
* 


Po a*® 80 a® 


Whence it is [4 755 ＋ attss =riu +riatts. 


Therefore laſtly 35]a = . Ther, XVIII. 


— 4 2 
riff SS ——TII3ttss 


25. From theſe Theorems we can calculate whatever re- 
lates to the Figure and Magnitude of the Earth; and firſt to 
determine the Value of a, or the Ratio of x to , that is, 
of CE to CP. In order to this, we have , , t, for the La- 
titude 66* 200 at Lapland; and r, s, t, for the Latitude of 
49? 22/, being the Middle of the Degree meaſured in France. 
{See t. 22.) For having + = 3994, and r = 3958,4; 

2 — 
whence by Logarithms we have r* 88 593, 6, and r* 55 = 
1552,93 alſo rTttss = 3090, 1, and ritt 210g. 

- 
Therefore a = 595 gr. Whence we get =: 2 :: 
313,22 : 309,72 : CE: CP. Therefore by Menſuration it 
appears, that CE exceeds CP in a greater Proportion than 


that of 230 to 229, as was in the Scholium of An- 
not, XXXIV. 


1 
26. Hence we have = CEN, (by Lo- 
ia 
garithms) equal to 3971,1 Miles; and ſo the Diameter of 
the Equator' is equal to 7942, Miles. Whence, becauſe 


==, u=2V a = CP = 3926,2 Miles ; and ſo the 


Axis of the Earth is equal to 7852, 4 Miles; ſo that the 
Paaatoral Diameter exceeds the Axis by 89,8 or 90 Miles, 


due 


8 


| BE © FE 


= 
11 


33 


18 


of 
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due Magnitudes and Forms, as on the Globes 
themſelves: Yet moſt of the Problems of either 


which is near three times as much as the Theory gave it. 
See Annot. XXXIV. 26. 
27. In any given- Latitude the Radius of Curvature is 


3x 
found by Theorem XIV, wiz; r= inns A 


2771 
under the Pole P the je LBE-i a Right ene, . and f wil 
A and equal; and therefore 
—== 4016,6 Miles, which is the greateſt of all. And 
* 
under the Equator that Angle vaniſhes, and there 7= 1, and 
t o; and ſor =az = 3881, ry the leaſt of all. 


28. The Radius of Convexity being known, we find the 


Length of a Degree in any Latitude by this Analogy; As 
180 : 3,1416 : 7 the * of the Degree 


180 
> n by 31416 
required. Thus under the „ 9p 1 72 


388 1,8 = 671 Miles, for the leaſt Degree; and N 


2 
greateſt Degree of Latitude : A mean D ver therefore is 
68,92 Miles. Thus alſo a Degree in the 49 22 


180 
66? 20 it jn 888 * — 8 x 399411 = = 69,709 Miles. 


29. Feen the Radius of 

Convexity may be determined, r: 
— 

the Place by Theor. XVII. tt = — por if the 
25% 41 2 —art 

Tangent of an Angle be known, the Ange itſelf,” that is, 

the Latitude, is known alſo. 
30. Hence alſo the Radius of any Parallet of Latitude may 
ve Sy for, by Theorem XII, HI = CDS = 


: of 
= and 180: 3.146 ** a Degree nA 
141 


u de given Panel In the Equator x = 3 hence "2 
19145 Globe 


1. 3858,4 = 69,087 Miles; mg rae; » 5 


„ —— ot —U— 02 —— 4 —— | 
* 
* 


tor is 360 x 69,409 = 24951 Miles, I 
he Surface and 


4 $} 469.6 |-480.0 0. 7 1116.3 | 1140.0 [23.7 5 
|; Z „ ig] 1175.2 — 

; . 1234.1 1260.0 25-9 
[x4] 645.8] 660.0 14.2] 22 [1293.0 | 1320.0 7 
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Globe are performable on theſe artificial Pro- 


Nn the Length of a Degree in the 
31. nn ho rumen of the Hank anger the Naw: 


to calculate the y of the 


roid ; but the Procels would be 


| ScuoLtuim. 
32. Since writing the above, I have mer with a Treatif 
on this Subject by the Reverend Mr. Muzpocny, who has 
determined the Terreſtrial Spheroid nearly the ſame as above; 


er rt 
117.3] 120.0] 2.7] [13] 763-3] 780.0 [16.7} 
176.0 | 180.0] 4.0| [14] 822.1] 840.0 [17.9 


234-7. |_249.0 1-5-3] j15| 880.9] gooo 0 [19.1 
293.4 6.6 116] 939.7 _960.0 [20.3 
352.1] 360.0] 7.9] [17] g98.5 | 1020.0 1. 


L71.:419-8 420.0 2.2 18 1057.4 1080.0 22.60 


28.3 | 542-0 11. 
10 587. o o 


jections, by thoſe who underſtand their Nature 
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|D.| Shea Sphere. | Dif] D. Sphervia, Sphere. | Dif. 
23] 1352.0 7380.0 [28.0 57] 3379.0 | 3420.0 [45.0 
24] 1411.0 | 1440.0 [29.0] |58] 3435-1 | 3480.0 144.9 
25] 1470.0 | 1500.0 [30.0] 159} 3495-2 | 3540-0 44.8 
26| 1529.0 | 1560.0 [31.0] |60| 3555-3 | 3600.0 [44-7 
27] 1588.1 | 1620.0 [31.9] 61] 3615.5 | 3660.0 144.5 
28] 1647.2 | 1680.0 [32.8 162 3075.7 | 3720.0 [44-3 
29] 1706.3 | 1740.0 [33-7 163] 3736-0 | 3780.0 [44.0 
30] 1765.5 | 1800.0 [34.5 | [64] 3796-2 | 3840-0 143-8 
1] 1824.7 | 1860.0 [35-3] [65] 3856.5 | 3900.0 143-5 
32] 1883.9 | 1920.0 139.1 6] 3916.8 | 3960.0 [43.2 
33] 1943-1 | 1980.0 136.9 [67] 3977-2. 4920.0 [42.8 
124] 2002.4 | 2040.0 [37-6 408] 4037-5 | 4080.0 142.5 
35] z061.7 | 2100.0 138.3 69 4097.9 | 4140.0 [42.1 
6| 2121.0 | 2160.0139.0] 170] 4158-4 | 4200.0 41.6 
37 2189.4 2220.0 39.6 71 4218.8 4260.0 41.2 
8| 2239.8 | 2280.0 [40.2] 172 4279-3 | 4320-0 140.7 
39] 2299.2 | 2340.0 [40.8 173] 4339.8 | 4380.0 [40.2 
40] 2358.7 | 2400.0 [41-3] 174] 4499:3 | 4442-9 139-7 
41] 2418.2 | 2460.0 141-8] 175] 4460-8 | 4500-0 [39-2 
42] 2477-7 | 2520.0 [42.3] 176] 4521;3 | 4560.0 (38.7 
43] 2537.3 | 2580.0 [42-7] 177]. 581.9 | 4620.0 [38.1 
2596.8 | 2640.0 [43-2 | [78] 4642-5 | 4980.0 137-5 
45] 2636.6 } 2700.0 143-4 | 179147931 |_4749-0 36.9 } 
2716.4 | 2760.0 [43.6 | {80 4763.2 4800. 36.3 
47] 2776.2 | 2820.0 [43.3 181] 4824.3 | 4860.0 135.7 
48] 2835.9 | 2880.0 144.1 | 182] 4884.9 | 4929.0 135-1 | 
[49] 2895. yl 2940-0 [44-5 | 133] 4945-5 [4980-2 ff. 
| o[2955.3] 3000.0 [44-7| 134] 5006.2 | 5040.0 [33.9 
1] 3015.2 | 3060.0 144.8 8 5066.8 5100.0 135.z 
52] 3075.0 | 3120.0 [44.0] [86] 5127-5 | $160.0 1325 
53] 3135.0 3180.0 |45-0| [37] 5188.2 | 5220.0 31.8 
(5431949 | 3240-0 [45-1 | [88] 5248.8 | 5280.0 [31.2 
[55] 3254-9 | 3300.0 [45-1 89[ 5399-5 | 5349-9 130-5 
466 3314-9 | 3360.0 [45.1] {gol 5370-2 | 5400-0 29.8 
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and Uſe. But theſe Things will be beſt undet- 
ſtood from a View of thoſe Prints, and a Speci- 
men of the Praxis of their Uſe (CXLIX). 


' (ex1.1%) t. The Solution of moſt of theſs Groanu- 
'Pnicar ProBLEMS may be perform'd by a Trigonometrical 
Calculation, as is evident from the original Diagram we be- 
fore made uſe of for the Solution of Aftronomical Problems. 
Thus if A and Z be any two Places on the Surface of the 
Globe, then in the Triangle AZN we have 


Plate ZN the Co-Latitude of the Place Z. 

LXVIII. __ AN the Co-Latitud: of the Place A. 

Fig. 1, Z A the Diftance of the Places A and Z from one and. 
ther. 


ZNA the Difference of Longitude. 

AZN the Angle of Poſition, or Bearing of A from Z. 

ZAN the Angle of Pofitien, or Bearing of Z from A. 
2. After the ſame manner may Problems of NAVIGATION 
be ſolved ; and indeed the only true and natural Way of 
' SAILING is upon the Arch of a Great Circle, which gives the 
neareſt Diſtance between any two Places on the Surface of 
the Globe ; and therefore the nearer a Ship keeps to the Arch 
of a Great Circle, the ſhorter will her Way or Faſſage be 
from one Place to another. Thus in the ſame Triangle 
ZN A, if it be propoſed to ſail from Z to A; the Ship ought 
to be directed upon the Arch ZA. | But in order to be ac- 
| Quainted with this Method of Sailing, the Doclirine of the 
— muſt be well underſtood; therefore I ſhall refer the 
| Reader who deſires it, to Vol. II. of my Toung oh ras at 


Cu. 
3. . However, I ſhall here ſubjoin the Philoſophical Pran. 
ples of all Kinds of phical and Nautical Mays and 


: Cuarrs: And fiſt I ſhew the Nature of what is call'd 

the OxTRoOGRAPHIC. PROJECTION of the SPHERE, Let 

Fig. 7. ADR be the Primitive Circle, or Plane of the 911 75 

which we may ſappoſe to be a Meridian ; and let A 

a Great Circle elevated above the Plane in —_— BAE. 
_ Suppoſe this Circle to be projected on the TJane into the 

Curve AF D, by F iculats through every Point 

thereof; it is n the projected 


Curve AFD. 
4. In order to this, let EF and 18 be two Perpendicu- 
lars; draw GI parallel to CE, and HI parallel to CF, and 
Gg to CI; and from yp let fall the Perpendicular 65 then 
N the Riht-angld Triangle GH equa 9 


4 


*. 


——ͤ—ñköũ — —— ͥꝓ́Fͤ—ͤ— — — —— 
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and g C is fimilar to EFC. Wherefore putting A C. 
EC Da, CI = x, GIl=y, CE=6, and HI =; then 
by the Property of the Circle we have AI x ID SGI, 
that is, yy = aa —xx, and y=a* —x* = GI; but 
GI: HI: gC:4C:i)EC: FC, that is, : : 4:61 


therefore y = L= Ze = which bers the Curve 


AF to be an Eh, whoſe Semi-axes are AC and CP. 

, 5. Hence the Circles of a Sphere view d at an infinite 
Diſtance are projected into lips. Thus the Circle of 1/lu- 
mination on the Diſk of the Moon is an E/p/z, as obſerved 
Annot, CXXXV. 23. Thus alſo a Sphere ſet in the Sun- 
Beams will have its Circles all projected into elliptic Sha- 
dows. And hence it is we conſtruct the OxTHocraraicC 


ProJECT1ON, call'd the ANALEMMA ; Which ſee in my 


fore-cited Book. 

6. Now, becauſe CE: CF :: Radius: Co-fine of E CF, 
it appears that thę Semidiameter CE of every Circle is pro- 
jected into the Co- ſine FC of its Elevation above the Plane 
of Projection. Hence alſo it appears, that in this Projection 
the ſame Number of Degrees in a Right Circle, as BCE, 
will be projected into very different Portions of the Diameter 
of the Plane BE. Thus 10 Degrees from the Pole of the 
Primitive will be projected into the Arch CK, but 10 De- 
grees from the Periphery will be projected into EM. But 
CK is to EM as the Right Sine of 10 Degrees to the Yer/ed 
Sine of the ſame ; that is, as 1736 to 152,, or nearly as 12 
to 1. Hence the Reaſon why the Spots in the Sun appear to 
move ſo much faſter over the middle Parts of the Diſk 
than on the Outſide, and why their Motion is always une- 
qual; with other Phænomena of the like Nature, 


7. The SrerzoGrarHic ProjEcTION of the SPurns PL. LX 


is that on which our Maps are commonly made, and depends Fig. 14 


on this Principle, That if the Plane of any Meridian be ſup- 
ed the Plane of the Projection, then an E e placed in one 
ole of that Meridian will project all the Circles in the oppo- 
ſite Hemiſphere into circular Arches on the ſaid Plane. Thus 
let AG DE be any Meridian; then the Diameter AD, di- 
viding it into the upper and nether Hemiſphere, is call'd the 
Line of Mea ſures ; and an Eye placed at the Pole E will pro- 
ject every Point B, F, G, in the oppoſite Semicircle into the 
Points H, I, C, into the Line of Meaſures A D, by the Viſual 
Rays EB, EF, EG. 1 3 
8. Hence if the Arch AB = FG = 10 Degrees, * 
will their Repreſentatives in the Line of Meaſures be AH and, 
Vol. II. Hk ref 
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and ough which the Ar- 
GEES 
IE, as is Wident from conſid 
9 the Meridians do all 
male Parts of the Map than 
why the ſeveral Parts of 


en ech Mapp, either in 
2 


e of 

01 ce dſo e Arch C4, and draw 

ie the Arch G inne the Line 
244% ngle CEL. But the 

1 to. Half the Außle GCK, or Arch 

ded into u Line CI. 


. 


IC; and he Pins 


of Half that Arch. Hence the Line 


to the 4 e Fw 


2 the of Haran in reſpes of the Q. 
— *. On the Feng 3 A all the Maps of 
the Worl H alſo another call'd 


. 1070 . all the Meridiane 


ve 

3 n. tuation aff 
Gl itſelf. As this Sort of Map is for that Reaſon very 
uſeful, and not ebm, I have giveove here for the Res- 


+ der's Uſe. corrected m the lateſt Obſervations. 


oing, there is another very uſeful Pro- 
nf for Charts 22 
Name of MzAcATox's PrxoOjECTrON, 
but was Rte by Mr. right long before. In this the 
leridians and Parallels are {trait I. * the former equi. 
from each other. Hence in this Way the Degrees of 
us in every Datfllet arp-Que' ſame, and equal to thoſe 


11. Beſides the forte 


i thee ; alſo the Degrees. of Latitude are all une- 
gauſs are contrary to what they are on the Globe. 
ore of this Sort do not exhibit the true Dimen- 


Trent INE ne real Parts of the Earth; how- 
ever, they ate very enden! Accounts ; and that which 
I have given from Dr. Hal to fees the Account of the 
Winds is of this Kind. 

12. But the greateſt Uſe of this Projection is in 82 1 Tx 
I ſhall therefore ſhew how it is confirufted in the following 


E. LXX. Manner. Let AB be an Arch of the Equator contain'd be- 


. tween any two Meridians AP, BF. meeting in the Pole P 4 


Fa „„ —_ „* 


» 
m 
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the Sphere, whoſe Center is C. Upon the Points A and B 
let there be erected the Perpendiculars AH and BI, and let 
DE repreſent an Arch of any Pazallel between the ſame Me- 
ridians; draw CA and CB, KD and K E perpendicular to 
PC; through Dand E draw CF, CG, join FG; laſt- 
ly, Jer fall the Perpendicular DL. A 

.. 13+ Now the Arch AB in the Equator is to the ſimilar 
Arch of the Parallel DE az AC to DK, or as Radius to the 
Co- ſine of the Latitude A D. Suppoſe now the Meridians 
AP, BP, to be in part projected into the Perpendiculars AH 
and BI; then will the Arch DE be projected into FG = 
AB; but in this Caſe DE, the natural Length of the Arch, is 
to FG its protratted Length, as the Radius CD to the Secant 
CF of the Latitude, or as the Co-fine LC to the Radius CD; 
for CF: (CD=) AC:: DC: LC. "4 3 6.060 

14. But in whatever Proportion the Degrees of any Pa- 
rallel are increaſed or diminiſhed by a Projection in Plano, in 
the ſame Ratio ought the Degrees of Latitude alſo to be in- 
creaſed or diminiſhed ; otherwiſe the true Bearing and Di- 
fances of Places would be loſt, as in the Caſe of the Plain 
Chart, where the Degrees of Latitude are all equal, The 
Degrees, therefore, of Latituds in Mercator*s Chart increaſe in 
Proportion of the Stcant of the Latitude to the Radius. 


| 15, But that the Reader may fee how ſuch. a Meridian is pl. LxX. 


projected, let RCH be a Quadrant of the Primitive Circle, 
and RQ a Diameter; draw QS; then will the Arch SH be 
projected into HI, and RS into AI; but AI is che Tangent 
of 3 RS (by Art. .] Let ST and CI be perpendicular to 
AH, and draw the Tangents SV, CK, to the Points 8 and 
C, meeting AH produced in V and K. And let HI = x, 
HS=z, and AH = 1. | 
- 16. Then becauſe AT: AH: AH: AV, it is AT „ 
AV = AH*; for the ſame Reaſon it is AIx AK = AH? 
=AT x AV. Wherefore AV: AK :: AI: AT (=SB) 
:QI:QS, Let Qs be drawn infinitely near to QS, then 
* 1 I: Y and becauſe — Angle p< Q= 
TIS—=ISV = Qs, therefore the Triangles QI; and 
QS- are (in their naſcent State) fimilar, and therefore QI: 
i Ii: Sn : E: AV: AK; conſequently, it is 
AVxz=AKxsz ; pda; IA 
17. But AK x & is the Fluxionary Rectangle of what is 
call'd a Figure of Secants, which may be thus explain'd. Let 
RCH be a Quadrant as before, H C an Arch, of which let 
the Secant be equal to IN, rightly applied as an Ordinate to 
95 Abſciſs HI = x; and if this be conceived to be done 


every Point in the Quadrant, we ſhall have a Curve BNP 


HE 2 deſcribed 


483 


Fig. 3. 


Fig 74 
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deſcribed by the Point N, which appears to be a reZangulat 

by compleating the Square AB. Now drawing 72 
infinitely near IN, we ſhall have IN xis INXX (= 
AK x #) = Fluxion of the Area IHBN, which is com- 
poſed of all the Secants belonging to the Arch HC, and ts 
therefore call'd a Figure of Secants. 

18. Now the Flution of the Area IH BN is to the Fluxion 
of the Rectangle IHBD as INx# toID x x, that is, as 
EIN to ID == AR, vrt. as the Secant to the Radius. There- 
fore 8 are in the * Ratio Ar is, the 
Area Rx :: S: R:: Z: x, ſuppoſin repreſents 
the Arch æ protracted. In he done nts © Þ own, 
that the Fluent or Area belonging to the Fluxion AV x x is 
to Rix as Z: ; but this latter Flaent of AV x = is equal 
to the Area IHBN, becauſe their Fluxions are equal {by 
Art. 16.) Therefore IHBN:Rxz::Z:5#; equent- 
Ws IHBNxz= RNZ; whence IHBN = Z when 

1. 


19. But the hy perbolical Area IN BH is the Logarithm or 


Meaſure of the Ratio of A H to Al, that is, of ——= 


—, ſuppoſing + = Tangent of + the Complement of æ 
But any Hyperbolical Logarithm is to the Tabular i 
of the ſame Ratio, as 2,302585, &c. to 1; the 
Tabular Logarithm of — x 2,302585 = INBH = Z gives 


the Length of the protracted Meridional Arch, anſwering to 
the Natural Arch z or HS. 

20. Therefore, if A and a denote a Greater and a Leſſer 
Arch, beginning from the Equator ; then the Length of their 


Difference A — @ will be 23505 — 23955, 0 


2,302585 2 or 2, 302585 x — T, That i, 


From the Tabular Logarithm of ; the Complement of the Laſc- 
Arch a, ſubduf that of the ——_ Arch A; - 4 — 
2 2,302 585 auill give the Meridional Parts of the 


Ach 


21. As I am upon a Subject of this Nature, it will be pro- 
per to obſerve, that ſince the Ship's Courſe is or ought to be 
upon a Rhumb- Line, which makes equal Angles with every 
Meridian, therefore the Differences of Longitude will be the 
Logarithms of the Tangents of the Half-Complements of the 

Latitudes, 
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Latitudes, as may be thus ſhewn. Let E be a Quadrant pj : 
of the Equator, P the Pole of the World * E, PA, PB, 3 
Sc. the ſeveral Meridians projected in Plano, and E abc, &c. 
a 9 g equal Angles Ea A, ECB, &c, with 
e i 
22. Then if we make AA = AB = BC, Oc. and very 
ſmall, then may the Triangles E Pa, EPV, APc, &c. be 
eſteem'd rectilineal, and will be fimilar; and therefore EP: 
Pa :: Pa: Pb :: Pb: Pe, and fo on. Now if EA ex- 
the Ratio of aP to EP, then becauſe the Ratio of 
P to P is double the Ratio of aP to PE, and EB = 
2 EA, therefore AB will expound the Ratio of 5P to /EP. 
Again, becauſe P: AP = NAP: XP, and EC 
34 2, therefore EC expounds the Ratio of P to EP; 
and ſo of the reſt. 
2 3. Fherefore the Arches EA, EB, AC, c. are the 
Logarithms of aP, bP, P, Sc. in reſpect of PE. But 
AA, 3, Cc. are the Differences of Longitude made in 
failing from to a, or 6, &c. ; and aP, bP, Sc. are Tan- 
gents of half the Complements of the Latitudes Aa, B65, &c. 
(See At. 9.) Therefore the Differences of Longitude in iy 
ary Aland are the Logarithns of the Tangents of the Half- 
Co-Latitudes. | 
24. Hence the Rhumb-Line has acquir'd the Name of the 
L'garithmic 3 Hence alſo it follows, that any Table of 
Logarithmic Tangents iz a Scale of the Differences of Longitude 
on ſome Rhumb or other. Thus the Tabular Logarithms of 
Tangents in preſent Uſe are Differences of Longitude on 
that Rhumb which makes an Angle of 51* 38' gf; and the 
* which makes an Angle of 71* 1/ 427, fy _ 
r Neper's Logarithmic Tangents. They who would ſee the 
— of this, as allo how a Table of Meridional 
Parts is from hence conſtructed, and likewiſe how all the 
Problems of Navigation may be ſolved by the common Ta- 
ble of Logarithmic Tangents only, may conſult my Loca - 
RITHMOLOGIA. See alſo Philoſophical Tranſafions, Ne 219, 
where the Theory is given at large by its Inventor Dy. Halley. 


SCHOLIUM. 


25. I have here added a Table of Meridional Parts, cal- 
culated for the Oblate Spheroid by the Rev. Mr. Murdoch, in 
his new and learned Treatiſe of Mercator's Sailing applied to 
the true Figure of the Earth. By this the Reader will be en- 
abled to project a true Cuaxr for any Part of the Earth's 
Surface, and to ſolve thereby * ſeveral Problems of Sailing: 

* | 10 
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to delineate Maps of Countries, and to apply 


rious other Purpoſes of Navigation, G 4.6 and 0 wb 
. Nor are the Errors of the common Spherical Projection 
ſo very ſmall in many Cafes, as to be inconſiderable and Te 
dangerous. For Inſtance, if a Ship ſails from South Latitu 

25* to North Latitude 30*, and the A e of the Courſe be 
43* ; then the Difference of Longitude by the common Ta- 
ble would be 3206/,' exceeding the true Difference 3141 by 
65 or Miles. Alſo the Diſtance fail'd would be 4512, ex- 
ceeding the true Diſtance 4423, by 99” or Miles: Which 
Differences are too great to be neglected. For other In- 
ſtances of ſuch a Correction of the Charts, I refer to the Au- 
thor's admirable Book above-mention'd. r Dane in 
Hunt. CXLVIII.) 


27. A TaBLy of: Meridional Parts to the Spend. and 
Sphere, with their Differences. 


\ 


[D.| Spheraid | Sphere: | Dig] „ Sphere. | Di} 
tj $58.7] 60.0] 1.3] [22] 1325.3, 1353-7 28,4 | 
2] 117.3 | 1200 | 2:7] [23] 13890 1418.29. 
3] 276.1 180.1] 4.0 24] 1453.3 | 1484.1 [30.8 

2349 [ 240.2] 5.3] [2<| 1518.0 [1550.0 [32.0 
5] 293-8 | 300.4 | 6.6] [26] 1583.3 | 1616.5 332 
6|_352-7 | 360.6 \ 79] (27] 1649-1 1683.5 [34.4 
L 411.8] 421.0 | 9.2 28 1715.6} 1751.2 [35.6] 

| 471.0 | 481.5 fio.5] [29] 1782.7 | 1819.5 30.8 

2 $30.4 | 542-2 [11.8 [29 1850.5 | 1888.4 [37.9 

tio] 589.9 | 603.0 [13.14 310 19190 | 19586 39.0 

li 649.7 | 664.1 [14.4] [32] 1988.2 | 2028:3]40.1 
12] 709.6] 725.3 [15-7f [33].2958-3 | 2099-5 [41-2 
13] 769,8 786.8 [47.0 [34412129.0 2171.4 [42.3 

114} 830.24 848.5 [8.3 }«! |454*2200.8} 2244.2 [43.4 
15] 899.9] 910.5 [19.6] [36] 2273-4 | 2317.9 [44-5 
10 951.8] 972.7 120.9] 137] 2347-0 | 2392.6 [45,6 

117] 1013.1 1035-3 [32-2 38] 2421.6, 2468.3 46.7 
18] 1074.8] 1098.3 123.5 | [39] 2497-2 | 2544-9 (47-7 

119 1136.8] 1161.6 124.8 | 49) 2573.9 | 2622.6 148.7 

120 1199.2 | 1225.2 26.0 41] 2651.8 2701.5 [49.7 
21] 1262.0 | 1289. 2 27.2) 2| 421 2730.9 | 2781.6 [50.7 
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D.| Spheroid.\ Sphere. | Diff [D.|Sphercid 

43] 2811.3 | 2863.0 51.7 67 5403.9 

44 2893.1 | 2945.8 52.7 [68] 5560.2 

45] 2976.2 | 3029.9 [53-7 } [09] 5723-5 

46] 3060.9 | 3115.5 1546] [7c] 5894-4 

471 3147-2 | 3202.7 [55-5 | [714 0073-7 

48] 3235-1 | 3291.5 [50.4 | [72] 6202.4 

49] 3324-8 | 3382.1 [57-3] 173] 0461.6 

50 3416.3 | 3474-5 [58.2 | [74] 6672.6 

51] 3509-7 3568.8 [59-1] 175 6896.8 

52 3605.3 | 3665.2 59-9] 176 7136.2 

53] 3703-1 | 3763.8 [60.7 | [77] 7393-0 

54| 3803.1 | 3864.6 [01.5] 178] 7670.1 

55 3905.7 | 3968.0 [02.3 79] 7970-9] 2 

59 4010.9 | 4073.9 [63.0] 80 8300.2 

57] 4118.9 | 4182.6 [63.7 81 8663.8 

158] 4229.8 | 4294-2 [04-4 82 9070.0 

59] 4344-0 | 4409-1 [65.1] [83] 9530.2 

6ol 4461.5 | 4527.3 [65-8] |84]10061.1 

61] 4582.7 | 4649.2 [55.5 | |85]10688.7 

52 4707-8 | 4775.0 [67.2 ]86|11456.5[11532.5] 76.0 

63 4837.1 | 4904.9 [67.8 87 12446.0]12522.1] 76.1] 

64] 4971.0 | 5039.4 [08.4 | [88]13840.4 13916.4] 76.0 

65 5109.8 | 5178.8 [69.0 | [89[16223.8[16299.5| 75.7 

66] 5254-0 | 5323.6 169.6] 1go 37.75 
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APPENDIX: 


ConTAINING A 


Ph fico-Mathematical Theory 


OF 


LUNAR Motions and [rregulartic 


OF THE 


MoTion of the EARTRH's Axis, 
AND 
Pagckssiox of the Equinoxts; 


AND THE 


Computation of the QUAnT1Ty of Matter, 
Dens1TY, WE1GHT of Bopies, &c, 


On the Suna of the 
SUN, EARTH, JUPITER, and SATURN. 


* 
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| A* Fay ae treated of in the enſuing 


bore arinexed them, ts damplast a Syſtem o 
| 92 And I have taken ſuch a Method as by 
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«buld nat well be ought inte thy 1 5 
the Boss among the Annotations, and are tbe 


important Part of the Newwnian 1 
could not on am Account be omitted, and i 70 


<vill be found not only wore natural and conciſe, bu 
much more adapted to render thoſe difficult and intr 


cate — ow apprakunded by the intelligen 
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8 aww 44 
(HE Motion of the Moon about the 
- Earth is fimilar to that of the Wa- 
| ters of the a, revolving. about 
the Earth's Center. To is, ſome Things 
muſt be premiſed ; as, firſt; That tb Auras 
of the Earth upon any Particle af Water it the 
ſame as it would be, were the whole Quantity of p 
Matter contracted into a Point in its Center. For Plate 
let A BGO be the Earth, C its Center, P a Par- at 
ticle at any Diſtance PA from its Surface; let F 7 
PG be drawn through P and C, and BO the | 
Diameter, of any - Circle BDOE, or Section of 
the Sphere perpendicular to the Axis PG. 
2. Now put PN=a, BP=#x; then PB. 
PN'=x* —4 *= BN*, which isas the Area of 
the Circle BDO E; the artrafting Force whereof 
is 2x5, and is proportional i9-we Quantity of 
Matter or Number of Partelts which act on the 
Corpuſcle P in the Periphery of the Area, 
in Directions ſimilar to PB. And ſince the Force 
of Attraction is as the Number of Particles (2 
multiplied by the Force of each Particle, which 
is as ſome Power (=) of the Diſtance (x); there 
fore 3 = 2490 Fo will be as the whole | 


N- 
of 
j 
4 
] 
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or abſolute Force of thoſe Particles, that is, in 
the Directions PB. 


3. Bur the Force repreſented by PB is re- 


ſolvable into two Forces PN and BN, of which 


the former only cauſes the Corpuſcle at P to ap- 
proach the Sphere. Therefore as PB: PN: 
&: 4 :: 22 ti: 24, the Force with which 
gt A ps eee DireCtion 


PN; the Fluent of which = 


Wan nde whoh Weber of all tir Pur! les in 
the Area of the M tion BD O E, to attract the 
Corpulele P in the DireRtion PC. 


4- 167, the Fluent =27— muſt be correct 


ed, for it is at preſent too great; becauſe when 
the Area of the Section becomes a Point, or 
x = a, then this Fluent has the Valter. 
which therefore muſt be deducted from the ge- 
mtr NIH 
— —, and their Difference 

2 a +! os 2 a * - e. 

_— re * 

Nx PBr +1 PNs +» | 
= — — So —, will be as the Forces 
of any circular Areas BDOE attracting the 
Corpuſcle P in the Direction of its Axis PC. 
g. Now ſince in Natural Bodies this Power in 


Wr br 8 8 
= (when oor- 


any ſingle Particle is inverſely as the Squares of - 


miele, therefore #:= —2, and fothe abore 


o fo vw. 
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| Expreſſion of the Force will become 1 


6. Now if we put AC r, PA c, PC= 
| thr = PB=c+x, and PNS); then 


AGxAN =2r x y—c = AQ), and PA! 
AO* +2PAx AN.= (cc 2ry—2re+2cy 
—2tic=) POD þ2cx+x*. Hence 275 
+2cy =2c+27c+2cx+x*, and y = + 
2x T* cb+2cx+x 


E | (becauſe 65 = 2r + ; 

2c). And Bilan the Nee of Attraction in the 
circular Plane whoſe Diameter is BO is 1'—p-5 
. 27rx+x* W | 


cb+bx bxc+Þx | 
uply this by the Fluxion of the Diſtance, viz. 
„ 2c5+2x8 Arx l 
J = — 7 —, We ſhall have —y} 7 
2 1 3 
whoſe Fluent —— is proportional to the 
Attraction of any Segment BA O of che Globe 
nne. 
7. Hence, when x = 27, the Expreſſion will 
PERS Ta p3 f 
become 3  lmply 55, for the Attraction of 
the whole Globe. Whence it appears, that the 
attrattrve Forces of ſpherical Bodies are to one an- 
other in a Ratio compounded of their Quantities of 
Matter direttly, and as the Squares of the Diſtances 


fron their Centers inverſely. And therefore ſince 
the 
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the Number of Particles only, and their Diſtance 
from the Center, enter the Expreſſion of the 
Force, it is plain the Effect will be the ſame 
upon a Corpuſcle P placed any where without 
the Surface of the Globe, as if the whole Maſs 
of Matter were contracted into a Point at its 


Center. 9. E.D. 


8. To apply this: If all the Matter of the 
Farth were contracted into the Center, and the 
Waters of the Ocean were to continue. their di- 
urnal Rotation the ſame as they now do, they 
would then be affected in the ſame manner by 


the Earth and Moon as they now are, and have 


all the ſame Phænomena. And therefore if 1 
Body, inſtead of revolving at the Diſtance of 
the Earth's Surface about its Center, were to re- 
volve at the Diſtance of the Moon, every thing 
would happen in a ſimilar Manner, and the Ef- 
fects of the Earth and Sun in diſturbing the Mo- 
tion of the Satellite would be like thoſe which 
are produced in the Motion of the Water by 
the Earth and Moon, but only in a leſs Degree. 

9. AxoTatx Thing to be premiſed is, that 
the Moon revolves not about the Center of the 
Earth as the Center of its Motion ; and therefore 
in order to conſider its Motion in the beſt Man- 
ner, we muſt determine the Diſtance to which 


the Moon muſt be removed from the Center of 


the Earth at Reſt, (and conſider'd as the Center 
of its Motion) that it may revolve about it in 
the ſame periodical Time that it takes up non, 

together 


n — „ C . 


1 
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together with the Earth, in revolving about the 
common Center of Gravity, See Annot. XXXVL 

10. In order to this, let D be the Diſtance of 
the Moon from the common Center of Gravity, 
and d that of the Earth from it; then will D 
be the Diſtance of the Moon from the Earth, 
which, at a Mean, is 604 Semidiameters. Now 
let x = Diſtance required; then becauſe the at- 


tracting Forces (F and f) in any two different 25 


Diſtances are as the Squares of thoſe Diſtances 
inverſely; we have F: fü: *: PTA. Agin, 
becauſe the periodical Time is given, or the ſame 
in both Cafes, we have the Forces proportional 
to the Diſtances from the Centers of Motion; 
(See Annot, X XXIV.) therefore F: f:: D: x. 
Conſequently D: x 1 Bad, therefore & 
=DÞ4 xD; and multiplying by P d, we 
have x* x D+4=D+4 xD; whence D+d: 
D:: BA: x*; therefore BA: :: 
D+4: x. But DA: D :: the Quantity of 
Matter in the Earth and Moon together: the 
Quantity of Matter in the Earth alone; that is, 


as 40,31 to 39,31. Whence 40,31 739,37 
3: 60,5: 60 x, the Diſtance at which the Moon 

would revolve about the Earth at Reſt in the mw 
Time it now does. 


11. THzsE Things premiſed, let S be the Sun, Pl. LXX. 
T the Earth, and P a Satellite revolving about Fig 7. 


it, and let SK be the Mean Diſtance of the Sa- 
tellite or Moon from the Sun; and expound the 
accelerative Force, by which it is attracted to- 

wards 


H. LXX. 
Fig. 8. 


ArrENDHx. 


wards the Sun 8. And take 8 L: S K:: S K. 
SP., and 81: SE:: S*: S; then ſhall SL, or 
S expound the accelerative Attraction in any 
Diſtance of the Satellite SP or Sp. That is, the 
Force at P is to the Force at p as SL is to SI 
for SK S k, and SK =SLxSP*=S1xSp'; 
therefore SL : S}::Sp*: SP“. 

12. Join PT and pT and draw parallel 
thereto the Lines LM and In, meeting ST in 
M and mw. And the Attraction SL, SJ, is re- 
ſolvable into two others SM and LM, and Sn 


and Im. Hence the Body P is urged with a 


Threefold Force; viz. (1.) That by which it is 
attracted or tends towards T, ariſing from the 
mutual Attraction of the Bodies T and P. (2.) 
The Force LM, or In, by which it is likewiſe 
urged towards T. (3.) The Force SM, Sm, by 
which it is urged towards S, or attracted in Di- 
rections always parallel to S T. 

13. By the firſt of theſe Forces the Satellite 
ought to deſcribe an Ellipſis about T in òne of 
its Foci, and therefore Areas proportional to the 


Time, as is evident from what was demonſtrated 


in Amotat. CXL. This is upon Suppoſition the 
Body T was fix d; but the Caſe is the ſame, ſup- 
poſing it moveable with the Body P about a com- 
mon Center (which is really the Caſe of the Earth 


and Moen) as Sir Jſaac Newton has ſhewn in Theor. 
xx. and xx1. Lib. 1. of the Principia. 


14. Tus ſecond Force LM, as it conſpires to 


impel the Body in the Direction PT, is to be 


added to the former, and cauſes that andy 


«< ME. HE. ,&, — = r Www: MY tr 
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Mall ſtill defcribe Areas proportional to the Time. 
But becauſe this Force is not in the inverſe Ratio 
of the Square of the Diſtance, it will, com- 
pounded with the former, cauſe the Curve which 
the Satellite deſcribes to deviate from an Elliptic 
Form; and the more ſo, ceteris paribus, the 
greater the Proportion is which this Force bears 


to the former. Theſe Forces LM, In, have. 


been ſhewn ( Annat. LXXXIV. 9.) to be as 88 


and £ =; ; and therefore increaſe and decreaſe 


with the Diſtance P T or pT. 
'15. LasTLy, the third Force 8 M, impelling 


. the Body P in Directions parallel to T 8, will 


compound a Force with the former two, that is 
not directed from P to T; and fo will cauſe that 
the Body P ſhall no longer deſcribe Areas pro- 
portional to the Times (as we have ſhewn.) It will 
alſo augment the Aberration of the Orbit from 
an Elliptic Form, an a double Account, viz. both 
becauſe it is not directed from P to T, and alſo 
becauſe it is not inverſely as the Square of _ 


Diſtance PT. For the Forces S M: S m:: 8 


7er Sp*:SP?, Theſe Errors therefore are leaſt 


of all when the ſecond and third Forces leſpeci- 
ally the third) are ſo; the 2 Force remaining; 
the ſame, 


16. LE SN expound- the Fored by:which-che 
mung T is accelerated towards S; chen if the 
11 Forces 
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Forces SM and SN are equal, they, by attract- 
ing the Bodies T and P equally, and in parallel 
Lines, will cauſe no Alteration in their Site or 
Pofitions in reſpect of each other. But when the 
Force SM is greater, or S leſſer than the Force 
SN, the Difference NM, or Nm, will be that 
alone by which the Propertionality of the Times 
and Areas, and alſo the Elliptic Form of the Or- 
bit, will be diſturbed. Hence when NM or Nu 
is nothing, or leaſt of all, the aforeſaid Pertur- 
bations will vaniſh, that is, when the Body P is 
nearly in the Points C and D of its Orbit. 

17. Wx have hitherto ſuppoſed the Body P 


- revolving about T in the ſame Plane with S; let 


us now fuppoſe it to revolve in a different Plane, 


CDB below the Plane, in which are the Bodies 
S and T. In this caſe the Force LM will have 


the fame Effect as before, viz. will only tend or 
impel the Body P from Pto T. But the other 


Force NM, by acting in a Direction parallel to 
ST, and therefore (when the Body P is not in 


the Nodes C, D,) inclined to the Plane of the 


Orbit PA B, will, beſides the above · mention d 

Error in Longitude, induce an Error in Latitude, 

or diſturb the Inclination of the Orbit. 
18. Fox let Pq be drawn parallel to N M, and 


let Pp be the Space through which the Satel- 


lite P would move in its Orbit in a ſmall 


Particle of Time, excluſive of the Force NM; 
and by the Force NM alone ſuppoſe it in the 
ht andere ak" 


come 
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compleating the Parallelogram Pr 5p, and draw- 
ing the Diagonal. Ps, that will repreſent the real 
Motion, and s the true Place of the Satellite at 
the End of the ſaid Time: But tis evident the 
Linesls Pe is not in the Plane of the Orbit 
CAD. 2 3 o 03, G 

19. Hxxer it follows, that by the Force NM 
the Body P will be accelerated in its Motion from 
C to A, and from D to B, and retarded as it 
paſſes from A to D, and from B to C. For let 
Pg be drawn parallel to N M, and expound that 
Force, then continuing T P to r, and drawing gr 
perpendicular theretoz the Force P q becomes. re- 
ſolved into the two Forces P and rq; of Which 
the former, acting in the Direction PT, does not 
diſturb the Planet's Motion in Longitude, nor tlie 
equable Deſcription of Areas: But the other Part 
r9; acting in the Direction 7 4, conſpires with the 
Motion of the Satellite P in its Orbit, (as being 
parallel to the Tangent ab) and therefore ac- 
celerates its Motion in Longitude, By the ſame 
way of reaſoning, by making the like Conſtruction Pl.LxxI. 
between A and D, it will appear that the Motion F'8- ” 
of the Satellite will be there retarded, the Force 
g being on that Side in a contrary Direction. 

. 20, AGAIN, as the Planet paſſes from D to B, 
it will be again accelerated; for let p's here ex- 
preſs the Force Nm, which-i is now negative, or 
acts in a contrary Direction to the former N M, 
that is, from p to 5, ſuppoſing ps parallel to'N m; 
for then 7s conſpires with the Motion of the 
Planet in the Direction of the Tangent 04 In 

Fr 2 the 
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te ſame manner it is ſhewn the Planet is retarded 
in . o EIN 
n * e: 

21. Hence al it appears, hiv Bast the 
Body B is conſtantly accelerated from C to A, 
and from D to B, the Velocity of the Satellite 
will be greater in the Points A and B Ken Pe. 
vibus) than in the Points C and D. 

22. Txz Orbit alſo will (ceteris paribus) be 
more convex in C and D than in the Points A 
and B; for the ſwifter Bodies move, the leſs they 
deflect from a Right · Line Courſe in a given Time. 
Moreover, in the Points A and B, the Force LM 
and NM ate directly contrary to each other, and 
their Difference NM— LM SKL, will be as 
the Force which draws the Body from T towards 
* B; and ſince tlũs Force K L is greater when the 
Body is at A, than when at C or D, the Body 
will there be leſs urged towards T, and ſo will 
icfs defect from a Right Line. The fame may 
be ſhewn when the Body is in the Point B by the 


—_— Force #1. See mot. LXXXIV. 20. 


23. Wrrnce the Body P will (cæteris paribus) 
erde firdber from" T in the Points C and D 
than at A and B; as 5 caßy to obſerve from the 
Figure of the Orbit, which is leſs curved, and 
therefore nearer to Tat A and B, than at C and 
D. What is here ſaid is upon Suppoſition that the 
Orbit (excluſive of the perturbating Forces) is a 
Cirtle/and not an 12 Wen Caſe will be con- 
HEra by a0 by. RY 


1 
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24. Bc Aus the centripetal F Force of-the Cen, 


tral Body T, by which the Body P is retain'd in. 
its Orbit, is augmented in the Points & and D by, 
the addititious Force L. M, and dimiviſh'd i in tbe 
Points A and B by the Force KL and becauſe 
KL is always greater than LM from C to A 
(and double thereto at A, See Annyr. LXXXIY, 8 
20, 21, 22,) and from Alte D, (Where it be. 
comes equal to it,) therefore the 6 centriperal Force; 
(F) is upon the whole Gch d * the Action, 


of the Body S. And becauſe Ha 38 


XXXIV. 6.) therefore the 1440 (a) 5 
maining the ſame, the. Periodical Time (P) of 
the, Planet will be augmented by the, Action. of, 


the, Bower K z and (hecaulg, in; that. Case Kr. 
PY appears the Wenn en e iu. 
ate in the Sebdeplicat Ru by; mhich the 


F orce Fi is decreaſed, 

25. Acain, fuppoſing the centtipetal ForcaF, 
to remain the ſame, (as we may when K Lis very 
ſmall with reſpe& to it, Arnot. LXXXIV. 429 
then however the Dito! P T (a) may vary, 


we have r P“, or P: Z. Therefore when 


neither the Diſtance (a) nor the — F orge 
1 a4, 1 
F arc conſtant, we have P: r F chat is, 


the Periodical TinexP) oy ww in a Ratio com- 


PRONE: of the 1 Ratio * the Di- 


duplicate of that by which the central Force F is 
increaſed or diminiſhed by the Decreaſe or In- 
creaſe of the Action of the diſtant Body S. 
26. From what has been ſaid, it follows alſo, 
that the Axis of the Ellipſis deſcribed by the Body 
P, or Line of the Ades, has an angular Motion 
Backwards and forwards by Turns, but its Pro- 
_ grefs exceeds the Regreſs; and by that Exceſs it 
is upon the whole carried forwards, or in Conſe- 
quentia. For the Force by which the Body P 
18 urged t towards T in the Points C and D, where 
the Force MN vaniſhes, is compounded of che 
Force LM. and the cep ptripetal Force or . At- 
traction of the Body T. The former Force LM, 
. che Diſtance NI be increaſed, increaſes nearly 
in the ſame Ratio; and the latter Force F) i is in- 
WM as the Square of that Diſtance, viz. 2s 


1 
27. Now EF: P. a les Ratio dun F: 
F. For baun Ler the Ellipſis (when che 


Satellite is in the Quadratures) be AP B. and the 
Au be AB; the Diſtances from the central 
Body T let be PT: C T:: 6: h; then the cen- 
tripetal Force at P will be to that at C as 25 to 
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36; but the additional Force (LM) at P is as 


PT=6, and at C as TC=5; therefore the 
compound Forces at P and C are as 25 +6: 36 
+53 or as 31 to 41, which is a leſs Ratio than 
6 * 31 

25: 36. For as 29:36:31: : 75 = 4464 

But the Ratio 31: 41 is leſs than the Ratio 37 : 


444. 
255 Hence, fince when the Foree at P is as 


Pl. LXXI. 


b. the Planer deſcribes an Eligin PAB, and piy, 


when the faid Force is a8 Pe, the Curve is the 


Equiangular Spiral P r s, (by Annot. CXI.) tis e- 
oP the Satellite will with a Force as P T + 


p deſcribe an Oval P 24 ſtill more curved than 


the Ellipſis, and therefore will lie within it. 7 
were the Planet P to ſet out from any Point P (in 
which the Radius T P cuts all the three Curves 
in one common oblique Angle) and to proceed 
firſt in the Spiral Path from P towards 5s, the 
Radius T P would conſtantly jnterfe&t the ſaid 
Curve in the ſame Angle as at P. But fecohd- 


ly, if it proceeded in the Elliptic Arch from P 


towards A, the Angle TPA would continually Fig. 3 


be altering and approaching nearer to a Right 
Angle, which it would make when it arrived in 


the Point A. Laſtly, if it ſet out in the Oval 


P ag, the ſaid Angle TPg would alter much faſter 
and approach more quickly to a Right Angle, 
114 which 
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whieh happens in the Point a, becauſe of its 
greater Curvity, or Deviation from the Spiral Ps, 
29. THEREFORE by this compound Force the 
higheſt Apſis A will be removed backwards to 4, 
or the Axis of the Ellipſis AB will recede into 
the Poſition 45; and this will be che Caſe every 


Time the; Line of the Apſides comes into Square 
with the Sun. 


| 30. Ox the other hand, when the Satellite is 


in the Syzygical Line CP, it is urged with a 


Lg Ly 


Force in the lower Apfis C, vhich is equal to the 
Difference between the centripetal Force and that 
expreſſecd by KL; and in the upper Apſis it is 
equal to the Difference between the central Force 
and 47; which #1 is as PT or AT, as being 
double thereof; therefore we compound Faxce 


about the upper Aphs is a as —— pT — PT, vic 


is 4 greater Ratio chan that of F : pes or, "Y 


Numbers, 25—6 36 1 . 19: 31. 7 * 
31 is a greater Ratio than 25 to 36 whence 


che Path of the Satellite Pag is not ſo much 


curved as the Ellipſis P AB, and therefore lies 


between it and the Spiral Py s; and therefore as 
the Radius moves from. P towards A, it ſooner 
makes a Right Angle with the Ellipſe at A, than 
with the Oval Pag, which happens at a. The 


Line of the Aphides AB therefore goes forwards 


in this Caſe, and becomes 2 5. 


1. And becauſe the ablatitious Part k7 is 


twice as great as the addititious Part Im for the 


upper 


APPENDINH, 
upper 'Apſis, and K L = 2 LM: for the lower; 
therefore the Ratio of the compound Forces, 
which is greater than the Ratio of the Squares of 
the Diſtances inverſely, will upon the whole pre- 
vail, and cauſe a progreſſive angular Motion of 
the Line of the Apſides. 
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32. Hence tis evident there is a certain a Poice a: 


between the Quadratures and Syzygies, where 
the Apſides are quieſcent; to find which, let P 
be the Place of the Satellite in the Apſis required; 
through P draw Pg equal and parallel to N Mot 
TM, and produce it to K, then is Pq 3 PR. 
(Amot. LXXXIV. 21.) From ꝗ let fall the Per- 
pendicular qr upon TLP produced, and the Force 
Pg is. reſolved into two others Pr and gr; of 


which. qr, by acting perpendicularly to the Ra- 


dius, does neither accelerate nor retard the Mo- 
tion of P towards T; but the other; Part Pr, 
acting directly contrary thereto from P towards r, 
diminiſhes the central Force of P towards T. 
But the Force LM or PT augments it; the Point 
therefore where Pr = P'T is that required. Now 
becauſe of ſimilar Triangles IPK and gPr, we 
have PT :PK ::Pg(=3PK):; Pr =PT, in 
the Caſe propoſed. Therefore 355 . 7 PT“; 


whence PT: PK ;: 9321 


*.* Hence we have this Analogy ; As 7 


: Radius PT: Sine PK of the Arch CP = 

* 46. The Point, then, where the central 
Force is neither increaſed nor diminiſhed by the 
Forge of the Sun, and conſequently where the 
A plides 


* 


APPENDIX. 
Apfides are at Reſt, is at 35* 16/ on each Side | ye 
the Quadratures, or at 54* 44 from the Syzygies | © 
on each Side; ſo that the Apſides do in each Re- Li 
volution of the Planet (ceteris paribus) go back- 
wards through 141* 4', and forwards through 45 
218˙ 560. * 
PLIXXI.. 34. Since the Progreſs or Regreſs of the Ap- iſ **? 
Pg: 4- ſides depends on the Decrement of the central 
Force in a greater or leffer Ratio than that which | 
is duplicate of the Diſtance in going from the 1 +1 
lower Apſis A to the upper one B, and alſo on a MW be: 
De 


fimilar Increment in returning from B to A, and 
is therefore greateſt when this Proportion of the 
Force in the upper Apſis to that in the lower Ap- 
fis does moſt of all recede from the inverſe du- | 
plicate Ratio of the Diſtances ; it, is evident that ¶ fro 
the Apſides in their Syzygies by the ablative 

Force KL will go forwards more ſwiftly, and 
more ſlowly in their Quadratures by the additi- 
tious Force LM. 


33. Fon let the abſolute Force of Attraction 
in T be = a, then becauſe this is eyery where in 
the Ratio of 5; at the Body P, the Force by 
which the Body P is attracted towards T will be i the 
a5 55+ Again, if the Satellite P be within fi 1. 
54 Degrees of the Syzygies A or B, its Force is of 
diſturbed by an extraneous Force (5), which is WM an 
every where as K L or 4}; therefore this pertur- as 
bating Force is þx KL, or bx K; fo that the of 
2 Force 


*., 
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Force upon P in the Points P and p (within that 
Limit) * erer where in the Ratio of 5 


k.. 1 f — bx kl; which Ratio, when P 


s in the Points A and B, becomes Fee var 


99s —bxBT, (becauſe then KL : 171 Ar: 
pT, and TP = AT, and pT = BT, as has 
been ſhewn.) Now this reduced to a common 
Denomination is TH* xa x &— bX. AT* to XI * a 
ITF. 

36. Now this Ratio recedes ſo much the more 


from the Ratio of TB* to AT“, or co 


REP ; by how much a—b XAT? recedes from 


m Equality wich J=Ix TB, or by how much 
AT is lefs than TB; that is, when the Line of 


the Apſides is in the Syzygies, as in Fig, 5. In FLLXXI. 


this, Poſition therefore the Apſides will go for 
wards ſwifter than in any other. 

37. Bur when (in this Caſe) the Body P is in 
the Quadratyres C and D, the additional Force 
LM becoming equal to CT = T D, and CT 
+ T being here leſs than in any other Situation 
of the Apſides, (as Fig. 4.) from the Nature of 
an Ellipſis, therefore the Ratio or Quantity of 
the perturbating Force thence ariſing will be leaſt 
of all; and confequently the Apſides will recedg 

flow 
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flower in this than in any other Situation, Hence, 

upon the Whole, the Exceſs in the Progreſs · of 

ow Aphdes wilt in this Situation be greater rhan 
any other, 

950 lr the Line of the Apſides be gtuated in 
the Quadratures, then for juſt contrary Cauſes the 
contrary Phænomena will happen; that is, they 
will recede moſt ſwiftly when the Satellite s in 
the Quadrarures, and proceed moſt ſlowly When 
it is ip chen Syzygies, So chat in this Caſe the 
Regreſß might exceed the, Progreſs, and tha Ap- 
the Whole be-moved in Antecedentia; 
were it not that the Force K L, by ty wes 
go forwards at A, is near twice as gre at 3s LM, 
by which they 26 batkwatds when 1 00 Body is 
at: C. See Art. 24. AT to oi och 

30. Tur Exceſs of = ovogrellive above the 
regreſſive Motion ef the Apſides ill eat 
mented, if the Bodies P and S move both Pu 
wards the Tame Parti; for then the Apﬀfidey will 
continue a longer ¶ ime in und near the Syzygies, 


14 than if the Body S were find: And on the con- 


Fig. 7- 


tray, as their Motion would be contrary to that 
of S when P is in · the Quadratures, ſo the Time 
of the Regreſs will be ſhorter; therefore the Time 
by which they go ſorwards will, upon the Whole, 
be from hente very much inoreaſed.. 
"20; Fou what we have demonſtrated ( Ari. 
28 „29% 30.) it is evident, that if a Body in de- 
ſcending from the upper to the lower Apſis be 
urge by 'a centriperal Force, which increaſes 


more than in a duplicate Ratio of the diminiſh'd 
yo!) Diſtance 
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Diſtance from the Center, it will deſcribe a Curve 
Acb interior to the Ellipſe ACB, and confe- 
quently' more eccentric, inaſmuch as the Ratio of 


TB to TA is increaſed by being changed tothe 
Ratio of Th to TA. 


41. Ou the contrary, if a Body Gen 


the lower Apſis B towards the upper A, arid is 
attracted every where with a Force that decreaſes 


more than in the duplicate Ratio of the increaſing | 


Diſtance ; chen, being Jels,attracted than it would 
be in the Ellipſe, it wall deſcribe an Orbit exte. 
rior to the Ellipſe, as Bd a; which alſo is more 


eccentric than the Ellipſe, becauſe Ta to T B is 


a greater Ratio than IA to TB. 

42. By the ſame Way of Reaſoning we wa 
that if in the Deſcent the Force be'increafed in a 
Ratio leſs than that of the Square of the: dimi- 
niſh*'d Diſtance, or in the Aſcent it be diminiſh'd 
in a Ratio leſs than the Square of the ancreaſed 
Diſtance, the Orbit deſcribed will be les eccen- 
tric than the Ellipfe. 

43. THEREFORE when the Satellite pi is in the 
Quadratures C and D, if the abſolute central 
Force be to the abſolute additional Force as à to 
n, we ſhall have the whole IS D, 


in the Ratio of C + CT to T 


TD; which is as I 5 a ＋ xCT* to IC*x 1C* x 

a+1nx r D*. But this is a leſs Ratio than that 
of D- to TCꝰ, becauſe CT is greater than 
T rD. Therefore in that Part of the Orbit where 
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the addititious Force L M takes place, the Eccer:- 
tricity will be diminiſhed, by Art. 42. 

44. Aoam; ſuppoſing the Satellite in the Sy- 
zygies PQ, the ern to that 
at Pas TP*xa—bxTQ' to TQ*xa—b 
x T P?, which Ratio is greater than that of T P* 
to TQ; becauſe TQ is lefs than TP; where- 
fore in and near the Syzygies the Eccentricity of 
the Orbit will be increaſed, (by Art. 40, 41.) 
The Eccentricity therefore of the Orbit will be 
twice changed in every Revolution of the Sate!- 
lite. 


45. Ir the Apſides be ſituated in the Quadra- 
tures, then, becauſe the Ratio of TD to TC is 
greateſt of all, the Eccentricity of the Orbit wil! 
be leaſt of all, (Art. 43.) Again; when the Ap- 
ſides are in the Syzygies, the Eccentricity is the 
greateſt of all for the ſame Reaſon, viz. the 
greateſt Diſparity of AT and TB. Hence the 


Eccentricity of the Orbit is continually increaſing 


as the Apſides paſs from the Quadratures to the 


: Syzygies, and vice ver/a. 


456. Ir has been already ſhewn, (Art. 17, 18.) 
that if the Plane of the — Orbit be m- 
clined to the Plane in which are the Bodies 5 
and T, the Motion of the Satellite in Latitude 
will in no wiſe be diſturbed by the Part LM of 
the extraneous Force, bit only by the other Part 
NM, and not by that 5 — when the Nodes 
are in the Syzygies ; but when they are in the 
Quadratures this Perturbation is greateſt of all, 


47. Fos 
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47. Fox let P be the Satellite in its Orbit PLUXXE 
CAD, inclined to the immoveable Plane CFD Fs. b. 
in any Angle ADF; and let PS expound the 
Force of the Body 8, attracting the Satellite in 
the Direction PS, From P let fall the Perpen- 
dicular Pg to the Plane CFD, and draw the 
Right Line T'qgS; then the Force PS is reſolva- 
ble into the Forces Sg and Pg ; of which the for- 
mer; being in the ſaid Plane CF D, does not 
diſturb the Satellite's Motion in Latitude; but 
the other Force Pg, being perpendicular to the 
Plane CF D, is wholly ſpent in drawing the Sa- 
tellite from its Orbit CAD towards it, and there- 
fore is proportional to the Force by which the 
Motion in Latitude is diſturbed. But the Force 
Pq is evidently greateſt when S TD is a Right 
Angle, and is nothing when that Angle vaniſhes. 

48. Wren the Nodes are in the Quadratures 
C, D, as the Satellite P paſſes from the Quadra- 
tures to the Syzygies the Inclination of the Orbit 
is diminiſh'd, and it is increaſed in going from 
the Syzygies to the For let Pg (as 
before) repreſent the extraneous Force NM, and 
the Direction of its Action; we have ſhewn 
that the Body P will deſcribe the Lineola Ps in 
a ſmall Particle of Time by the compound Force. 
which Lineola Ps is not in the Plane of the Or- 
bit CPD, but deflets from it towards Pg; ſo 
that the Satellite really moves in the Plane T Ps, 
which produced will not meet the Plane ECF in 
C, but in another Point c, towards the Oppoſi- 
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49. Fox with the Radius T P deſeribe ti: 
Circle E CFD in the fix'd Plane paſſing throug) 
T and'S, and in the Plane TP, the Arch of : 
Circle Pe interſecting the other in c. Now be. 
cauſe the Force NM is very ſmall compared with 
the central Force, therefore the Angle CPc, th: 
Inclination of the Planes CPT and c5T, is er. 
ceeding ſmall, and the Arch Ce an infiniteſimal 
Quantity; therefore ſince PA is a finite Quan. 
tity, the Sum of the two Arches PC+Pc i 
leſs than CA + AD, or a Semicircle ; and hence 
in the ſpherical Triangle CPe the external An. 
gle PCF is greater than the internal oppoſite 
AnglePcC. (See my Toung Trigonometer” s Guide, 
Vol. II.) That is, the Inclination of the Plane 
CAD to the Plane CF D is greater than the In- 
clination of the Plane cPT thereto; which was 
the firft Thing to be ſhewn. | 
50. Ix like manner we prove, that as the Bo. 
dy P goes from the Conjunction A to the Qua. 
drature D, the Inclination of the Orbit will be 
increaſed ; for if, in this Caſe, through the Point 
P and s we deſcribe an Arch of a Circle in the 
Plane T'Ps, the ſaid Arch Psd will meet tht 
Plane CFD in the Point 4 between F and D, 
and the exterior Angle PAF, the new Tnclination 


of its Orbit, will be greater than the interior op- 


poſite Angle PD F, which was the Inclination 
when the Satellite was at A; which was Pane ſe- 
cond Thing to be ſhewn. | 
51. "Hence *tis evident, that in this Situation 
of the Nodes the Inclination of the Orbit is leaſt 
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of all when the Satellite is in the Syzygies at A, 
and that it returns to its former Magnitude at the 
next Node; for the ſame Things are in the ſame 
Manner ſhewn when the Satellite paſſes through 
the remoter Part of its Orbit DBC. 

52. Hence alſo the Nodes in this Situation 
have a retrograde Motion, or are carried back- 
wards from the Site DC to dc, in half a Revo- 
lution of the Satellite ; and they recede as much 
more during the other Half- Revolution. 


clination of the Plane will be conſtantly dimi- 
niſh'd in paſſing from the Node K to the 90 
Degree at H or G. (2.) It will be increaſed du- 
ring the Motion from that Point to the next Qua- 
drature D or C. (g.) During both theſe Tran- 
ſits, or the Motion from K to D, or from L to 
C, the Nodes go backwards. In paſſing from 
the Quadratures to the next Node the Inclination 
Jof the Orbit is diminiſh'd, and the Nodes go 
# forwards. The firſt, ſecond, and third are ſhewn 
Jas before, (Art. 49—52.) and the fourth is thus 
demonſtrated. 
54. Wren the Satellite P has paſod the Qua- 
drature D, the Power NM becomes negative, 
or acts in a contrary Direction with reſpect to T, 
and hence the Lineola Ps deſcribed by the com- 
pound Motion defles from the Arch of the 
Orbit Py towards the Side B A; therefore 'tis 
plain, the Arch of a Circle P 51, deſcribed with 
che Radius TP in the Plane TPS, will meet the 
Vol. II. Kk * TCick 


53. Ir the Nodes K, L, are in the Octants af- Plate 
ter the Quadratures C and D, then, (1.) The In- 2 


S 
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Circle FL B̃ in a Point I between Land B; then 
as before, we ſhew the Angle P/F is leſs than 
the Angle PL F; and the Node L has, during 
the Motion through D., gone forwards to . 
The ſame Things happen in the Tranſit from C 
to K. | 

55. From what we has demonſtrated it ap- 
pears, that during the whole Tranfit from the 
Node K to the Node L, the Inclination of the 
Orbit is more diminiſh'd than increaſed, and the 


fame Thing happe ns on the other Side in going 
from L to K; . pf LOI the Inclination i is always 


less in the ſubſe quent than 1 in the preceding Node. 


Fig. 3. 


And this will be the Caſe, more or leſs, where- 
ever the Node K is placed between R and S. 
56. Wann the Nodes are in the other Octants, 


viz. between S and V, and R and W; then, 


(.) While the Body P is paſſing from the Node 
to the next Quadrature, the Inclination of the 
Orbit is increaſed, and the Nodes go forwards. 
(2.) In paſſing from the Quadrature to the go" 
Degree from the Node H or G, the Inclination 
is diminiſh'd, and the Nodes go backwards. 
(3.) In paſſing from thence to the next Node, the 
Inclination is increaſed, and the Nodes ſtill go 
backwards. The ſecond and third are demon- 
ſtrated altogether as before, (Art. 49.) and the 
firſt is thus ſhewn. 

57. Tux Satellite being at P, between K and 
C, the Direction of the Force NM is that of Pg; 
whence the Lineala Ps, deſcribed by the com- 
pound Force, will deflect from the Arch Pp of 
> . the 
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the Orbit towards the Side VR; and conſequent- 
ly a circular Arch- deſcribed on the Center T 
through the Points s and P, in the Plane TP, 
will meet the primitive Circle VS R in a Point & 
between K and 8. Therefore the Angle 3 F is 
greater than the Angle PK F; and the Node K 
is carried in Conſeguentia from K to x. The ſame 


Thing is ſhewn for me other Part of the Orbit 


LGK. -. 
58. Hence it appears, that nce the Nodes 
go forwards only while the Satellite is between the 


Node and the next Quadrature, and backwards 


vhile it paſſes from thence to the next Node, the 
Nodes in each Revolution go backwards more than 
forwards ;, and therefore, upon the Whole, the 
Motion of the Nodes is abſolutely backivards, un. 
leſs they happen to be in the Syaygies, where they 


are quieſcentz becauſe in that Caſe the Motion in 


Latitude is not at all diſturb'd by the Force NM, 
and conſequently where the Inclination of the Or. 

bit is the greateſt of all. (See At. 46. | 
59. ALL the Errors i in the Satellites Motion 
hitherto deſcribed. are a little greater in the Con- 
junction of the Bodies P and 8, than in their Op- 
poſition ; becauſe the generating Forces N M and 
LM in che former Caſe are greater than Nn and 
In in the latter; as we have ſhewn in Annotation 
LXXXIV. Art. 9, 10, 11, 12. Alſo it is there 
ſhewn, that each of the diſturbing Forces NM 
and LM is inverſely as the Cube of the Diſtance, 
1d therefore become greater when the Diſtance 
ür Kk 2 ST 
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ST is leſs, viz. in Peribelio, and leſs as the Di. 
ſtance increaſes, viz. in Apbelio. | 

- 60. Or theſe diſturbing Forces, ſince NM is 
1 twice as great as LM, therefore the Dimi- 
nution of the central Force will exceed its Aug- 
mentation doubly ; and fo, upon the Whole, the 
Satellite P will be leſs attracted towards T by the 
joint Forces of S and T, than by the Body T 
alone; conſequently the Satellite deſcribes a larger 
Orbit, and its Period of Revolution is greater. 


Es, / In all that has been ſaid; if S be the Sun, 


T the Earth, and P the Moon, the Theory of 


the Lunar Motions and Irregularities is contain'd 


in the foregoing Articles. And as this Theory 
reſults from the Laws of Attraction, and was firſ 
excogitated by Sir Iſaac Newton by reaſoning 
à Priori; ſo it is found no leſs conſonant to the 
Experience and Obſervations of Aftronomers: 
For from thence it appears, (t.) That the Moon 
deſcribes not a Circle but an Ellipſe about the 
Earth. (2.) That the Eccentricity of the Lunar 
Orbit is variable, being when leaſt but 43619; 
when mean, 55237 ; and when greateſt, 66854 
of fuch Parts as the Radius contains 1000000. 
(3.) That the Moon's Apogee goes forwards in 
the Syzygies, and backwards in the Quadratures; 
but upon the whole it goes forwards, fo as to 
compleat a Revolution in about nine Years. 
(4.) That the Moon's Orbit is inclined to the 
Plane of the Ecliptic in a certain Angle. 


G. Tir this mehren of the Lunar Orbit is 


variable, 
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variable, being when leaſt 5*, and when greateſt 
5* 18/, (6.) That the Nodes of the Moon go 
ſometimes backwards, ſometimes forwards, and 
are in the Syzygies quieſcent. ' (7.) That. the 
Motion of the Lunar Nodes is upon the whole 


backwards, at the Rate of 20* per Annum, and 


ſo as to compleat a Revolution in about 18 Years 


and a half. Such is the ſurprizing Harmony of 
the Newtonian Theory with /iſtronomical Obſerva- 
tion, even in this moſt . Part, that Halley 
might well ſay, 


Intima panduntur victi peyetralia cal, 1 
Nec latet extremos que vis circumrotat Orbes. 
And, ; 
Diſcimus hinc tandem qud caujd argentea Phebe 
Paſſibus haud equis graditur ; cur ſubdita nulli 
Hactenus Aftronomo numerorum fræna recuſet ;- 
Cur remeant Nodi, curque Anges progrediuntur. 


62. Tus ſame Method of Reaſoning, by which 


we have explain'd the 25 ides, and the Lunar Theory, 


does alſo furniſh us with a Phyſical Explication of 
the Motion of the Earth's Axis. For let us con- 


ceive numerous Bodies, ſuch as P, to revolve Plate 


about the Earth T, at an equal Diſtance, in equal Fig 
Times, and in a Plane inclined to the Plane of * 
the Ecliptic, tis evident each one will be affected 
with the ſame Motions as the Body P. Again, 
Let us ſuppoſe their Number ſo increaſed as that 
TM n contiguous to each other, and therg- 

Kk 3 by 
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" were to be diminiſh'd in any Ratio, the Motions 
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by form a fluid Annulus or Ring of cohering 
Bodies. | 
63. Tan ſince each Part of the Ring ob- 
ſerves the ſame Laws of Motion with P, and be- 
cauſe while one Part is ſo attracted as to augment 


the Inclination of the Plane, the contrary Part is 


affected by a contrary Force to diminiſh it, there- 
fore the Inclination of the Plane will always be 
variable, and govern'd by the Difference of the 
Forces which act upon it in contrary Parts. 
64. THEREFORE ſince the greater Force al- 
ways prevails, the Parts of the Ring which are in 
the Conjunction and Oppoſition will move more 
ſwiftly, and accede nearer to the Body T than 
thoſe in the Quadratures (by Article 21, 22.) And 


the Nodes of this Ring will be quieſcent in the 


Syzygies, but in any other Situation will go back- 
wards, and ſwifteſt of all in the Quadratures (by 
Article 47—58.) Laſtly, the Inclination of the 
Ring will be every where analogous to that of the 
Lunar Orbit ; and conſequently its Axis will in 
each Revolution oſcillate to and from the Axis of 
the Ecliptic, and be carried backward by the Re- 


troceſſion of the Line of Nodes. 


65. Ir the Quantity of Matter in the Ring 


would all remain the fame, as depending on the 
attractive Force of the central Body T, which 
is ſtill the ſame. If the Diameter of the Ring 
be diminiſh *d, the Motions. will be in the ſame 
7 diriniſh'd alſo; Nor Effects will be as their 


8 Cauſes. 


1 
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ny and, becauſe TS is 


787 
conftant, LM isas PT. Allo MS = 
SJ; therefore MS is as ST, a given Quan- 
tity. (See Annot. LXXXIV. 9, 11.) Conſequent- 
ly the Motions of the Ring will be every where 
as the diminiſh'd Diſtance PT. + 

66. SupPosE therefore the Diameter of chi 
Ring to be diminiſh'd fo far as to be equal only 


Cauſes, But LM : 


to the Diameter of the Earth, and the Body T to Plate 


be ſpherical, and every way enlarged till it e- 

quall*d the Bulk of the Earth; then would the 
Ring of Bodies coincide with and be contiguous 
to the Surface of the Earth, and would alſo co- 
here to it. And ſuppoſe the Plane of the Ring 


LXXIII. 
© Fig. 2. 


made an Angle with the Plane of the Ecliptic of 


23 Degrees and a half, then would all the Mo- 
tions of the Ring continue, only in a leſſer De- 
gree; and would be communicated to the Earth, 
becauſe it adheres firmly thereto ; for the Earth 
equilibrated in Æther will yield to any Motion 
impreſs d upon it from without. But the Mo- 
tions of the Ring being now communicated to 
the Body of the Earth, will be farther diminiſh'd 
in Proportion as the Maſs of Matter to be cove 
is augmented. 

67. Now this Circle or Ring of Bodies en- 
compaſſing the Earth by Suppoſition is actually 
the true State of the Earth; for we have ſhewn 


its Diameter through the Equator Z£Q cxceeds 
k 4 the 
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the Length of the Axis ND, (Aunot. CXLVIII.) 
and therefore it is ſurrounded by a Zone of Mat- 
ter upon the Equator. analogous to this feign'd 
Ring of Bodies, and which muſt of courſe pro- 
duce the ſame Effects. 

68. Hence in the Equinoxes, that is, when 
the Earth's Nodes are in the Syzygies, or when 
the Line of the Nodes (viz, the Equinoxes) paſs 
through the Earth and Sun, the Inclination of 
the Equator and Ecliptic, that is, the Angle 
ATE or FT , is greateſt of all; and from 
this Time it grows leſs till the Sun arrives at the 
9g0o®* Degree, (or Solftice) when the Line of Nodes 
are in the Quadratures, and then it is leaſt of 


69. THzerEFore twice in a Year the Inclina- 
tion of the Ecliptic and Equator is diminiſh'd, 
and twice again- reſtored; and the Nodes (or 
Equinoxes) conſtantly go backwards, and carry 


the Axis of the Earth TH with a retrograde 


Motion about the Axis of the Ecliptic TF, 
tracing out the Circle, or rather vermicular Curve 
HIGR in the Heavens among the Fix'd Stars. 
70. Acarn; the Plane of the Equator is in- 
clined to the Plane of the Moon's Orbit, for the 
latter makes an Angle of but about 5 Degrees 
with the Plane of the Ecliptic ; and therefore the 
Moon (though a leſs Body than the Sun, yet be- 
ing nearer) produces a greater Effect than the 
Sun on the Equatorial Ring or Zone of Matter; 
er aforeſaid Motions of the 
| Earth's 
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Earth's Plane and Axis. Sir Iſaac Newton has 
ſhewn (Prop. XXXIX. Lib. III.) that the Part of 
the annual Receſſion of the Equinoxes, which 1s 
owing to the Sun, is 97 „% 20%, and that which 
is owing to the Moon is 40” 52% 527; there- 
fore by the joint Influence of the Sun and Moon 
the Equinoxes recede yearly about 50” o 12; 


which is likewiſe verified by the Obſervations of 


Aſtronomers for 2000 Years paſt. See Amnota- 
tion CXLI. 

71. I SHALL'now explain the Method uſed by 
Philoſophers for computing the Quantities of 
Matter, Denſities, Weight of Bodies, &c. in the 
Sun, the Earth, Fupiter, and Saturn, by means 
of Satellites revolving about them. In order to 
this let Q, 2. expreſs the Quantities of Matter 
in the two Bodies A, B; alſo let G, g, be the re- 
ſpective Forces of Gravity at the equal Diſtances 
AC and BD. Let T, 7, be the Periodical Times 
of Bodies revolving about A and B at thoſe equal 
Diſtances; and let T, f, be the Periodical Times 
of Bodies revolving at the unequal Diſtances AC 
and BE, which call D and d. | 


72, Tun in the given Diſtances AC, BD, 
we have Q: :: G: (Art. 7.) But G: g:: 


= * (by Auf. XXXIV. 6.) Whenee Q 


7 * =: 5 5 and multiply ing the latter Ratio by 
D D 


Di, we have Q: g: : * But becauſe 2 
% : 


Plate 
LXXIII. 
Fig. 3. 
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verſely, of Bodies revolving about them. 


with that of the Sun. By the ſame Analogy the 


3 


To : D* : &, (ibid. Art. 11.) therefore = 
D* d 


d = 
7 conſequently, Q: 18 189 Fg 7 That 18, 


The Quantities of Matter in am two Bodies are 


in the compound Ratio of the Cubes of the Diftances 
dire, and Squares of the Periodical Times in- 


73. In this Calculation the Bodies A and B 
are ſuppoſed at Reſt. We conſider the Sun at 
Reſt with reſpect to Venus, and Jupiter and Sa- 
turn in teſpect of their Secondaries; and we have 
reduced the Diſtance of the Moon to 60 Semi- 
diameters, at which ſhe would revolve about the 
Earth at Reſt, Now let the Diſtance of the 
Earth from the Sun be put — — 1000 
then Venus revolves about the Sun at Diſtance 723 


| —— Satellite of Jupiter at the Diſtance 12,4775 


the 4 Satellite of Saturn at the Diſtance 8,5 107 


the Moon at the Diſtance 3,054 

Cof Venus is 19414160 

The Periodical Jof the Jovin Sa | 1741929 
ime 


of the Saturnian Sat. 1377674 
(of of the Moon, 2360580! 


74. Now ſuppoſe the Quantity of Matter in 


the Sun be 10000, then for that in Jupiter ſay, 


CTY 3 
223 7 12-4775 5000 
" 19414160" * Terz? ** 9305. 


(by Art. 71.) the Denſity of Jupiter compared 


r 
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reſt are found, and in each they are as follow. 
In the Sun, Jupiter, Saturn, Earth, Moon. 
FOOOO. 9,305. 3,250, o, 05 12. 0,0013. 
75. Now if theſe Quantities of Matter are di- 


vided by the Squares of the Diameters of theſe 
Bodies, the Quotients will be as the Weight of 


Bodies on their Superficies, (by Annot. XIX. 3.) | 


The Diameters of the Sun and Planets ſee in 
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Annot. CXXXV. Then e de 


as follow. 

In the Sun, Jupiter, Saturn, Earth, FRY 

10000. 936. 319. 431. 146. 
76. In homogeneous, unequal, ſpherical Bo- 
dies, the Gravities on their Surfaces are as the Di- 
ameters, if the Denſities are equal (Anno/ation 
XIX. 3.) But if the Bodies be equal, tbe Gra- 
vities will be as the Denſities, becauſe they will be 
as the Quantities of Matter, which in this Caſe 
are as the Denſities (Aunnot. XVII.) Therefore in 
Bodies of unequal Bulks and Denſities, the Gra- 
vities will be in à compound Ratio of the Diame- 
ters and Denſities. Conſequently, the Denſities 
will be as the Gravities divided by the Diameters 3 
and therefore in the ſeveral Bodies as follows, 

In the Sun, Fupiter, Saturn, Earth, Moon. 
10000. 9385. 6567. 39539. 48911. 
77. As it is not likely that theſe Bodies are 
homogenegl, the Denſities here determin'd are 
not to be ſuppoſed the rue, but rather mean Den- 
figs, « or ſuch as the Bqdies would have if they 
were 


** and ofthe fame Maks of Mat 
ter and Magnitude, | 
78. Le E, f, be the Forces i the Sri ac 


from the Earth; then F : f :: N. £(Seep.46. 


Vol. I. and Amor. LXXXIV. 9, = Let B, 6, 
be the Bulks; R, r, the Diameters; and N, », 
the Denſities of the Sun and Moon; then will 
162 BN : : bn: : RN Y; (Amot. XVII 
RN 77x 
and XIX) wherefore'F Fu Pr . Laſtly, 
let A, a, be the apparent. e of the Sun 
and Moon; then will A: 4 :: 5 > becauſe 
| any Body appears larger the bigger it is, and 
leſs in proportion bo, FE increaſing Diſtance; 


therefore A: 4: rey 7 Hepce F: : 


AN: 4. . N: 425 F a? TA“ 
2 

79. Bor (according to Sir Tſaac Newton) F: 
f :: 1: 4,4815. (See Aunotat. LXXXIV. 28.) 
And A: 4: 32127; 31016 (at a Mean, by 
_ Obſervation), That is, 8 a :: 3864 : 3753. 
Therefore N: :: 225 2: 10000 


| err 3755” 
48911, the Ratio of the Denſity of the Sun and 


Moon, as above ſhewn, Art. 76, _ 
8 80. Tat 


— 


Moon to move che Sea; D, 4, their Diſtances 5 
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80. Tun Quantities of Matter being Q : g:: 
RN. r*n, (Art. 78.) and with reſpect to the 
Earth and Moon, N: 1: 39539 : 48911; and 
R: 7 :: 109: 30, ( Annot. CAXAYL 4.) there- 
fore Q: 8 : 109* * 39529 : 30" x 48911 :: 
39,31 : 1 :: 0,0512 : 0,0013, as determined in 
Art. 74- 

81. Tur Weight of Bodies on the Funde of 
the Earth and Moon are in the compound Ratio of 
the Diameters and Denſities, (Art. 76.) that is, in 
the Ratio of 109 x 39539 to 3Ox48911, or as 

431 to 146, (as per Art. 75.) or as 3 to 1 
nearly. 

82. Having the Quantities __ Matter i in the 
Earth and Moon, the Diſtance of the common 
Center of Gravity is determined: For the Di- 
ſtance of the Moon from the Earth's Center is to 
this Diſtance as 40,31 to 1; which Ratio is more 
accurate than that- of 4x to 1, made uſe of in 
Amnnot. XXXVI. Art. 2. 
| 83. Tu Theory we have here been explain- 
ing is applicable to any Syſtem of three or more 
Bodies, as well as to the Sun, the Earth, and Moon. 
Thus the perturbating Forces and Irregularities of 
Motion in the Syſtem of the Sun, Jupiter, and 
any of his Moons, may be eſtimated in nearly the 
ſame Manner, (mutatis mutandis) as alſo thoſe of 
the Sun, Saturn, and his Satellites; and laſtly, 
between the Sun and primary Planets, by putting 
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the Caſe more generally, (as Sir Jaac does) in ſup- 


poſing both S and P to revolve about the fix d cen- 


tn 


\ 
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tral Body T, which we may ſuppoſe to be the 
Sun, and Sand P any two of the Planets at plea- 
ſure. . Therefore, to uſe the Author's own Words 
(in another Caſe) for, a Concluſion: Uſus igi/ur 
bujus Theerie latifſim? patet, & fy agg Veri- 
tatem qui evincit. 
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